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PREFACE 
This thesis is presented in ―Journal‖ format.  The primary article, Chapter 2, resultant of 
this research, is in preparation for submission to Marine Geology with the title, ―A clay mineral 
provenance study of the northern Pandora Trough continental margin, Gulf of Papua.‖  Chapter 1 
serves as an introduction to the project topic and study area, and Chapter 3 includes additional 
project synthesis and future work. 
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ABSTRACT 
X-ray diffraction mineralogy of western-, central-, and eastern-derived fluvial sediments 
within the Gulf of Papua exhibits distinct and mixed clay mineral assemblages.  These mineral 
assemblages allow for a better understanding of how a thick muddy continental margin shelf-
edge depocenter in the eastern Gulf of Papua of latest Pleistocene/early Holocene age formed, as 
well as connections between terrestrial sediment delivery and evolution of deep-sea deposits in 
this region.     
Modern clay mineralogy reveals a high to low gradation of illite/smectite values from the 
western to eastern Gulf of Papua (Slingerland et al., 2008a), which is applied to the recent past 
for provenance indications within this study.  The shelf-edge depocenter, at the MV-41 core 
location, analyzed in this study formed during the Bølling-Allerød/Younger Dryas when the 
shoreline was located < 10 km landward of the modern shelf-edge and mass accumulation rates 
were high, thus allowing for minimal illite/smectite-dominated sediment input from the western 
and central GoP.  However, modern X-ray diffraction data show a higher kaolinite/chlorite input, 
indicative of a more local, volcanic source, potentially within the Lakekamu River catchment.  
This mineral assemblage is distinct from the higher illite/smectite and lower kaolinite/chlorite 
signatures within the upper/middle slope cores, MV-46 and MV-49, and is consistent with 
modern central Gulf of Papua surficial clay mineralogy being Purari River-derived.  This 
analysis of clay-rich mud provenances, in conjunction with other analyses, provides an 
improvement of understanding modern mudflow, and potentially the paleogeographical extent of 
clay-rich muds in unconventional shale plays. 
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1.  INTRODUCTION 
The Gulf of Papua (GoP) (~150,000 km
2
) is located northeast of Australia and south of 
Papua New Guinea (PNG) (Figures 1.1 and 1.2) and was chosen to be part of the NSF 
MARGINS Source-to-Sink (S2S) program (2004), which sought to better comprehend sediment 
transport and accumulation across continental margins (NSF MARGINS Office, 2004).  The 
GoP was a major focus, because it is a low-latitude relatively closed and undisturbed system that 
incorporates both siliciclastic and carbonate sediment input (Davies et al., 1989, Francis et al., 
2008; Muhammad, 2009).  This study aims to elucidate formative processes for a thick muddy 
depocenter on the northern Pandora Trough (nPT) continental margin, from (1) where these 
muds originate (provenance), (2) when these sediments were deposited, to (3) how they connect 
with the deep-ocean, and finally to (4) how these deposits relate to ancient mudstones.  Since the 
NSF MARGINS S2S program was established, the GoP has become a heavily studied region, but 
little elemental or X-ray diffraction (XRD) data have yet been collected and used to derive 
sediment provenances.   
The nPT continental margin is characterized by heterogeneous sediments that include the 
clay minerals smectite, chlorite, illite, and kaolinite.  The main methodology of this study utilizes 
the peak intensities of clay minerals from jumbo piston core samples at locations MV-41, MV-
46, and MV-49 (Figure 2.1) to unravel a vertical and lateral sediment dispersal history that is 
focused on whether the eastern GoP sediments weathered from volcanic or non-volcanic rocks.  
The approach is to compare the data collected here with the modern GoP shelf mineral 
assemblage results of Slingerland et al., 2008, and additional jumbo piston core data provided by 
Xu (personal communication, 2013). 
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 The GoP is a foreland basin (Pigram et al., 1989) supplied with sediment from the high 
Papuan Mountains, which were uplifted since the Oligocene by the collision of the Pacific and 
Indo-Australian plates (Figure 1.1; Johnson and Molnar, 1972; Curtis, 1973; Cooper and Taylor, 
1987; Davies et al., 1989).  The GoP ridge and trough morphology, and creation of 
accommodation, resulted from Coral Sea Basin rifting in the Paleocene (Figure 1.2; Davies et al., 
1989; Pigram et al., 1989; Symonds et al., 1991; Norvick et al., 2001). 
 A combination of relatively short-term sediment flux, outer shelf processes, shelf 
morphology, and climatological conditions heavily affect sediment transport within the GoP, 
more specifically at the nPT continental margin clinothem, which is similar in formation to the 
GoP clinothem (a clinothem is illustrated in Figure 1.3).  An example climatological condition 
includes the El Niño-Southern Oscillation (ENSO or El Niño/La Niña), during which the 
Western Pacific Warm Pool (WPWP) spreads eastwards causing a significant reduction in 
sedimentation in the GoP (Figure 1.4; Rodbell et al., 1999; Kawahata and Gupta, 2011). 
Unraveling these process interactions and their influences on stratal formation was 
accomplished by the integration of datasets collected for this this study, including XRD 
mineralogy, grain-size distribution, elemental composition by X-ray fluorescence, foraminiferal 
14
C dating, and thermomagnetic susceptibility for determination of major minerals influencing 
magnetic susceptibility values collected in 2004 during a cruise of the R/V Melville PANASH 
cruise.  These data were compared with shipboard data, including gamma density (GD), 
magnetic susceptibility (MS), and X-radiographic imaging of sediment cores.   
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Figure 1.1.  The geology and tectonics of New Guinea (modified from Davies and Espi, 2013).  
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Figure 1.2.  A bathymetric map outlining the major morphological features, as well as drainage 
systems in the GoP (Francis et al., 2008).  
 
 
Figure 1.3.  Stratigraphic and topographic architecture of a continental margin highlighting the 
clinothem and clinoform components (modified from Rich, 1951). 
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Figure 1.4.  The ENSO cycle in the equatorial Pacific amongst the Intertropical Convergence 
Zone (ITCZ).  The WPWP is shaded in pink (Kawahata and Gupta, 2004, modified from The 
Open University, 1989).   
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Sediment samples utilized in this study were deposited between ~13.65 kyr BP (thousand 
years before present) and the present (Muhammad, 2009).  During the Last Glacial Maximum 
(LGM), at ~23-19 kyr BP, sea-surface temperatures fell and eustatic sea-level dropped to levels 
~120 m lower than at present (Fairbanks, 1989; Yokoyama et al., 2000; Weaver et al., 2003; 
Clark et al., 2004; Bassett et al., 2005; Jorry et al., 2008).  Relative sea-level then began to rise 
until ~10.5 kyr BP and has remained relatively constant until the present highstand (Lambeck 
and Chappell, 2001; Jorry et al., 2008).  This transgression occurred in pulses, resulting in two 
step-wise climatic warming and relative sea-level rises of > 40 and > 11 mm/yr first occurred 
during the Bølling-Allerød (B-A), at ~14.5-12.5 kyr BP, (Jorry et al., 2008), and second, during 
Meltwater Pulse-1B (MWP-1B), at ~11.5-10.5 kyr BP (Weaver et al., 2003; Jorry et al., 2008).  
Climatic cooling, roughly associated with glacial conditions, occurred amidst these warming 
trends during the Oldest Dryas (OD), at ~18-14.7 kyr BP (Jorry et al., 2008) and the Younger 
Dryas (YD), at ~12.5-11.5 kyr BP (Jorry et al., 2008).  These are each related to a relative sea-
level stillstand and fall, respectively (Liu et al., 2004).   
It is important to understand modern GoP mud provenances in comprehending transport 
of fine-grained sediment plumes, especially for applications by the petroleum industry.  Because 
of the recent boom in exploitation of these fine-grained sediments as tight or unconventional 
reservoirs, it is important to better understand their characteristics.  Such morphological 
characteristics of muds, from the recent past to the present, can help petroleum geologists more 
accurately model an ancient mudstone’s paleoenvironmental lateral/vertical variability, which 
may then help in modeling the extent of source rocks, potential reservoirs, hydrocarbon 
generation, and potential entrapment processes. 
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2.  A CLAY MINERAL PROVENANCE STUDY OF THE NORTHERN PANDORA 
TROUGH CONTINENTAL MARGIN, GULF OF PAPUA 
 
2.1   Introduction 
During the last four decades, much has been learned concerning dynamics and 
depositional processes of modern river-ocean dispersal systems (e.g., Walsh and Nittrouer, 
2009).  However, the present sea-level highstand is not characteristic of continental margin 
inundation for most of the geological record, so knowledge from modern shelf analogues might 
not be entirely applicable to muddy systems deposited at lower eustatic sea-levels.  To address 
this knowledge gap and to better understand development of muddy systems, it is important to 
have well-dated examples from a range of carefully documented oceanographic and sea-level 
conditions, such as the post-Last Glacial Maximum (LGM).  Developing such an insight was a 
central element of the NSF MARGINS S2S program (Dickens et al., 2006).  The modern GoP 
system was formed by oceanic reworking of fluvially-delivered sediments (Slingerland et al., 
2008a), producing clinothems that are major continental shelf-building features, consisting of 
heterolithic, coarsening upward, progradradational sequences (Mitchum et al., 1977).    
The main objective of the present study was to gain a better understanding of processes 
influencing the formation of the eastern Gulf of Papua (GoP) northern Pandora Trough (nPT) 
continental margin thick, muddy shelf-edge depocenter formed during the latest Pleistocene and 
early Holocene and to compare these data with other similar modern and ancient systems 
worldwide.  These processes and geological products at the nPT continental margin were then 
compared to processes prompting formation of an extensive modern muddy shelf clinothem 
building today on the western GoP continental margin (GoP clinothem) (e.g., Slingerland et al., 
2008 a, b).  This analysis is based predominantly on X-ray diffraction (XRD) mineralogical data 
along with 
14
C dates, gamma density (GD), magnetic susceptibility (MS), X-radiographic, grain-
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size, X-ray fluorescence (XRF; elemental), and thermomagnetic susceptibility data.   
The nPT shelf-edge deposit is part of a fluvial-marine sediment delivery conduit from the 
shelf to deep-sea linking the large river systems of PNG with an extensive Quaternary deep-sea 
fan complex (Francis et al., 2008).  Thus, unraveling the mechanisms and sediment sources 
producing this deposit may provide some insight into connections between terrestrial sediment 
delivery and evolution of deep-sea deposits in the region, which may then serve as an analogue 
for similar systems in the rock record, such as unconventional shale plays. 
The evolution of sedimentary strata on continental margins is heavily dependent on the 
rivers that supply them.  These rivers act as major conduits for terrigenous sediment entering the 
ocean, and it is common around the world for regions containing collections of rivers to have 
unique mineralogical signatures, producing compositional contrast between systems.  
Mineralogical data have helped unravel sediment provenance and transport routes in the modern 
and ancient.  There are many factors that influence composition of buried sediments, and thus 
inferred sediment provenance.  These factors include (1) river source and basin/catchment 
geology.  One example includes the subarkosic sand, unstable heavy minerals, including 
amphibole, and illite-rich clays of the Amazon River that may be found on the northern 
Venezuelan shelf (Gibbs, 1967; Milliman et al., 1975 a, b; Milliman et al., 1982; Clayton et al., 
1999; Galán, 2006; Xu et al., 2009).  (2) Climate variation and control on weathering and 
transport are other significant influences.  A range of minerals including garnet, amphibole, and 
epidote; carbonates; and illite, smectite, kaolinite, and chlorite have been used as proxy climate 
indicators to identify changes in weathering and climate conditions within drainage basins.  For 
example, kaolinite is a major weathering product of soils in humid climates (Islam and Lotse, 
1986; Heroy et al., 2003; Galán, 2006; Xu et al., 2009).  (3) Oceanographic processes are also 
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important factors, such as sediment transport and sediment mixing in the GoP (Galán, 2006; 
Milliman et al., 2006).  (4) Sedimentary differentiation due to grain or aggregate diameter may 
also develop during transport, such as in the Pearl River and Mississippi River deltas where over 
distances, kaolinite content decreases, smectite content is variable, and illite initially increases 
(Brooks and Ferrell, 1970; Snowden and Forsthoff, 1976; Galán, 2006).  Finally, (5) early 
diagenesis and authigenic mineral formation also alters sediment composition, such as in 
deposits of the Ebro River of Spain, where calcite and palygorskite are authigenic products 
(Yuste et al., 2004; Galán, 2006; Xu et al, 2009).  Similar studies have been conducted for the 
Murray and Darling rivers of Australia and the Yangtze and Taiwanese rivers in the East China 
Sea, using smectite, illite, kaolinite, and chlorite (Gingele et al., 2004; Xu et al., 2009), as well as 
the rivers of Indonesia, using kaolinite, smectite, and illite (Gingele et al., 2001; Xu et al., 2009). 
This project focuses on the GoP (~150,000 km
2
) located between southern Papua New 
Guinea (PNG), and northeastern Australia, with the northern Pandora Trough (nPT) located 
between the GoP shelf and northern Coral Sea Basin to the southeast (Figure 2.1A).  Three 
jumbo piston cores (MV-41, MV-46, and MV-49) from the early Holocene nPT shelf-margin 
depocenter are analyzed in this study.  Specifically, the cores were collected along the 
continental shelf-edge and upper/middle slope of the nPT during the R/V Melville PANASH 
cruise (2004) as part of the NSF MARGINS Source-to-Sink (S2S) program (Figure 2.1 and 
Table 2.1). 
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Figure 2.1.  (A) A bathymetric map of the GoP with contour intervals in meters.  The bold -60 m 
isobath indicates the seaward extent of the GoP Holocene clinoform, the dashed -120 m isobath 
indicates the approximate LGM coastline, and the -140 m isobath is the approximate depth to the 
modern shelf break.  Cores MV-51 and MV-54 were studied by Febo et al., 2008; cores MV-33 
and MV-66 were studied by Jorry et al., 2008; cores JPC 01, JPC 13, JPC 21, and JPC 48 were 
studied by Xu (personal communication, 2013); and the cores utilized in this study are outlined 
in the ―Study Area‖ box.  (B) A zoom-in of Figure 1A’s ―Study Area‖ box with contour intervals 
in meters, with a decreased interval landward of the 100 m isobath to accentuate the shelf-edge 
depocenter.  The A-A’ line indicates the location for the seismic profile shown in Figure 1C.  (C) 
A seismic profile showing the nPT continental margin shelf-edge and upper slope with MV-41 
and MV-46 core locations (MV-49 is located south of this profile) (after Muhammad, 2009). 
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Table 2.1.  Location, bathymetry, and approximate length of jumbo piston cores collected during 
the R/V Melville PANASH cruise (2004) and used in this study (Muhammad, 2009). 
Core name Core Length, m Lat., °S Long., °N Water Depth, m 
   MV-41  12.84 8.37 145.867 92 
   MV-46  14.48 8.435 145.834 399 
   MV-49  11.21 8.585 145.833 859 
 
A combination of oceanographic processes, sediment supply, eustasy, and tectonics are 
the most likely contributors to the formation of these sedimentary strata that formed from ~13.65 
kyr BP (thousand years before present) to the present (Muhammad, 2009), although the exact 
order and role of individual processes was not been ascertained by previous studies.  Strata 
sampled by MV-41, MV-46, and MV-49 were deposited at a relatively lower sea-level compared 
to today (Muhammad, 2009).  Eustatic sea-level rose from ~19-10.5 kyr BP, after which time 
relative sea-level rose at a slower rate until ~8 kyr BP and has remained comparatively constant 
until the present (Lambeck and Chappell, 2001; Jorry et al., 2008).  At a relatively lower sea-
level, fluvial-marine sediment transported to depths much deeper than the current shelf-edge, 
being carried by turbidity currents (Muhammad, 2009).  However, processes such as tides, 
geostrophic currents, seasonal variations due to monsoons, trade winds, ENSO, etc., and wave-
current re-suspension affected sediments entering the deep-sea during times of continental shelf 
flooding (Muhammad, 2009).  
2.2   Geological History and Climatological Setting 
2.2.1  Geological/Physical  
The GoP and adjacent PNG river basins constitute a foreland basin (Pigram et al., 1989).  
Extensive fluvial systems fed by high, mountainous catchments discharge large volumes of 
sediment to the continental shelf and adjacent deep-ocean basins.  Morphologically, this 
dispersal system is similar to the southern portion of the Cretaceous Interior Seaway of North 
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America (Higgs, 2010).  For this reason, this study provides useful insights for evaluating 
petroleum systems presently being explored in such Cretaceous strata (such as the shales in the 
Eagle Ford Group) (Lock et al., 2010). 
The Papuan mountains, which supply sediment to PNG rivers and the GoP, have been 
uplifted since the Oligocene by the collision of microplates between the larger Pacific and Indo-
Australian plates (Figure 2.1A; Johnson and Molnar, 1972; Curtis, 1973; Cooper and Taylor, 
1987; Davies et al., 1989).  The ridge and trough morphology of the GoP formed as a result of 
rifting in the Coral Sea Basin during the Paleocene, creating sediment-accumulating sinks, such 
as the Pandora Trough (> 8,000 km
2
) (Figure 2.1A; Davies et al., 1989; Pigram et al., 1989; 
Symonds et al., 1991; Norvick et al., 2001).  The western GoP shelf-edge extends approximately 
150 km from the PNG coast, whereas the eastern shelf only extends about 20 km from the coast 
(Figure 2.1A).  Active carbonate platforms and barrier reefs exist in the southwestern portion of 
the GoP, including the Ashmore, Portlock, and Eastern Fields reefs (Figure 2.1A), and also along 
the GoP coast of the Papuan Peninsula.  From these observations, it can be inferred that 
terrigenous sediment influx is most active in the Northern Pandora and Moresby troughs, where 
extensive modern carbonate systems are not observed (Winterer, 1970; Harris et al., 1996; Walsh 
et al., 2004; Patterson, 2006). 
Rivers filling the GoP contribute a collective freshwater and sediment discharge of 
~15,000 m
3
/s (Wolanski et al., 1995) and annual discharge of ~200  megatonnes (Mt) (J. 
Milliman, unpublished data, 1999, in Slingerland et al., 2008a).  The mineralogical composition 
of the Fly River consists of high quartz/feldspar and illite/smectite ratios, while the Bamu, 
Turama, Kikori, Purari, Vailala, and Lakekamu rivers contain a mix of volcaniclastic, mafic, and 
other lithic fragments (Milliman, 1995; Brunskill, 2004).  With the help of the northern 
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component of the Coral Sea Current (CSC), a clockwise gyre, sediment is generally circulated 
clockwise on the shelf toward the nPT continental margin, a major conduit for shelf sediments 
entering the deep-sea (Figure 2.1A; Muhammad, 2009).   
Western GoP sediments have produced a late Holocene three-dimensional 
clinothem/depocenter, extending from the western Fly River to the eastern Purari River (GoP 
clinothem), with a topset surface depth of about 20 mbsl (meters below sea-level), and foresets 
extending basinward to about 60 mbsl (Wolanski and Alongi, 1995; Walsh et al., 2004; 
Slingerland et al., 2008a), producing maximum vertical accretion rates of 2-4 cm/yr (Walsh et 
al., 2004).  Offshore of the Vailala and Lakekamu rivers lies a depocenter similar to the GoP 
clinothem that is evident from the basinward extension of the 60-100 m isobaths (Figure 2.1B; 
Francis et al., 2008).  Compared to the high  on the GoP clinothem (Walsh et al., 2004), this 
depocenter is not accreting as actively as in the past with present  of about 0.2 cm/yr 
(Muhammad et al., 2008).  
2.2.2 Climatology and Oceanography 
GoP sediments are transported by seasonal, monsoonal and trade wind, tidal, wind-
driven, and bottom currents (Wolanski and Alongi, 1995; Ogston et al., 2008; Slingerland et al., 
2008b).  Based on GoP-wide numerical simulations and in-situ measurements from the western 
portion of the GoP clinothem, circulation may reverse direction with depth because of wind-
driven upwelling and downwelling (Keen et al., 2006; Slingerland et al., 2008b; Martin et al., 
2008; Ogston et al., 2008).  From December to March, monsoon winds are weak (~1-2 m/s) and 
traverse the GoP from the northwest, while from May to October the trade winds are stronger 
(~4- 5 m/s) and cross the GoP from the southeast (Walsh et al., 2004; Slingerland et al., 2008b).  
The spring tide range in the western GoP averages ~4 m (Wolanski and Eagle, 1991) and ~3 m in 
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the eastern GoP (Thom and Wright, 1983).  Additionally, the CSC helps drive water circulation 
and its sediment load near the GoP shelf-edge from the south and travels along the shelf until it 
exits into the basin to the east (nPT) near the Vailala and Lakekamu rivers (Andrews and Clegg, 
1989; Wolanski and Alongi, 1995; Burrage, 1993).   
The GoP area is also affected by the El Niño-Southern Oscillation (ENSO), which is a 
climatic-coupled variation in equatorial wind speeds and shifting of the Western Pacific Warm 
Pool (WPWP) between South America and Indonesia/Australia (Kawahata and Gupta, 2011).  
During El Niño periods in the western Pacific, which may last 1-10 yr, cooler temperatures and 
high pressures develop in addition to a decrease in trade wind intensity (Chao, 1989; Kawahata 
and Gupta, 2011).  At such times in the eastern Pacific, warm temperatures and low pressures 
prevail (Kawahata and Gupta, 2011).  This causes the WPWP to spread eastwards, creating a 
significant reduction in precipitation in PNG, as well as a reduction in GoP sedimentation 
(Rodbell et al., 1999; Ogston et al., 2008; Kawahata and Gupta, 2011).  During La Niña, these 
characteristics are reversed, with warmer temperatures and lower pressures in the western Pacific 
and cooler temperatures and higher pressures in the eastern Pacific (Kawahata and Gupta, 2011). 
2.3   Methods and Materials 
2.3.1  Previous Field and Laboratory Measurements 
Jumbo piston cores were taken at sites MV-41, MV-46, and MV-49 during the R/V 
Melville PANASH cruise (2004) (Figure 2.1 and Table 2.1).  Soon after core collection, all cores 
were logged using a Geotek Multi-Sensor Core Logger (MSCL) for whole-core gamma density 
(GD), p-wave speed, and magnetic susceptibility (MS; Figures 2.3-2.5).  Cores were split and 
then imaged using a visual-light Geotek Geoscan digital imaging system.  In addition, a small 
number of coarse wood debris samples for 
14
C measurements were collected and analyzed 
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(Muhammad, 2009).  Supplementary samples were attained for forminiferal 
14
C measurements to 
augment Muhammad’s (2009) data (Figures, 2.2-2.5).  In 2010, each core was X-radiographed 
using a Thales Flashscan 35 digital X-ray detector illuminated by a Medison Acoma portable X-
ray unit.  These images were available for this study, as well as samples covering 2 cm of core 
taken at 5 cm intervals from the top to the base of each core.   
The data produced during this study were generated utilizing instruments available at the 
Louisiana State University (LSU) Geology and Geophysics Department.  A total of 87 samples 
were collected from these three jumbo piston cores and analyzed by XRD, grain-size, XRF, and 
thermomagnetic susceptibility techniques.  Seven new 
14
C dates from planktic foraminifera were 
also acquired.  Sediment samples were homogenized in 500 mL bottles prior to all analyses.  
Once homogenized, samples were split; one aliquot for XRD analyses and the other for grain-
size/XRF analyses. 
2.3.2  
14
C 
 
14
C measurements were conducted on planktic foraminifera, Globigerinoides ruber- and 
Globigerinoides sacculifer-dominated, extracted from seven sediment samples, at the Center for 
Applied Isotope Studies (CAIS) at the University of Georgia (UGA).  Sediment samples were 
wet-sieved using a 63 μm sieve and deionized water, and ~100 planktic foraminifera were picked 
per sample under a binocular microscope.  Ages were calculated using the half-life of 
14
C, 
adjusted for the reservoir effect (-342 yr), and converted to calendar years using the Radiocarbon 
Calibration Program (Fairbanks et al., 2005), which accounts for variation in the atmospheric 
production of 
14
C 
Mass accumulation rates (MARs) for MV-41, MV-46, and MV-49 were determined by 
multiplying the MSCL GD (g/cm
3
) data by sediment accumulation rates (SARs) in cm/kyr, 
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which were determined by age/depth relationships between 
14
C dates shown in Figure 2.2, using 
sediment accumulation rates from non-inverted 
14
C age curves.  SARs assume a constant 
sedimentation rate and do not account for porosity/compaction after burial (Muhammad et al., 
2008).  However, MARs correct for porosity/compaction after burial (Muhammad et al., 2008).  
Mass accumulation rates for each core are shown in Figures 2.3-2.5. 
2.3.3  X-radiography 
 Cores were X-radiographed using a Thales Flashscan 35 digital X-ray detector 
illuminated by a Medison Acoma portable X-ray unit.  A total of 131 X-radiograph images 
approximately 40 cm long and 12 cm wide were analyzed.  44 images were available for MV-41, 
47 images were available for MV-46, and 40 images were available for MV-49.  These images 
were modified using the contrast abilities of the Image J program, where light colors indicate 
high density material, and dark colors indicate low density material.  The characteristics of each 
X-radiograph were then transferred to stratigraphic columns where sample locations were also 
projected.  The following characteristics were identified:  stratification, bioturbation, cracking of 
the core (dark in color), shell fragments (light in color), coarse wood debris (dark in color), and 
changes in lithology, where lighter colors are interpreted to indicate high siliciclastic content, 
and darker colors are interpreted to indicate high clay content.  After plotting the results on 
stratigraphic columns, a visual representation of changes in important sedimentary characteristics 
was obtained. 
2.3.4  Grain-size 
 The grain-size distribution of each sample was acquired using a Beckman-Coulter LS 13 
320 laser diffraction instrument equipped with an Aqueous Liquid Module (ALM).  
Homogenized samples were treated to remove organics with hydrogen peroxide and rinsed prior 
17 
 
to analyses.  After configuring a Standard Operating Procedure (SOP), comprised of a Standard 
Operating Method (SOM) and a set of preferences, samples were run through the ALM to 
measure grain-size distributions from 0.3751 to 2,000 μm.  To prevent flocculation, concentrated 
dispersal solution, 0.05% sodium phosphate in water, was added to the module basin prior to the 
background check for each sample run.  The solution consists of 30 g of sodium phosphate added 
to 500 mL of water, which allows for 10 mL of 0.05% sodium phosphate to be added per pre-
background check. 
2.3.5  X-ray Diffraction:  Clay Mineralogy (< 2 μm)  
Clay-fractions were shaken and added to centrifuge tubes.  After three and a half hours, 
the < 2 μm e.s.d. of quartz particles were siphoned off and concentrated by centrifugation.  Two 
clay smears per sample were made with a spatula.  These were then placed into aluminum 
holders to run in the diffractometer after air-drying, saturation with ethylene glycol, heating to 
300˚C, and heating to 550˚C from 2-35˚ 2θ for one hour each.  The XRD clay-fraction methods 
are based on those reported by Ferrell and Dypvik (2009), Xu et al. (2009), and Slingerland et al. 
(2008a), but organics and carbonate fractions were not removed.  These differences should not 
matter as the semi-quantitative data produced in both studies are ratio-based.  Peak data were 
obtained using the programs, Jade VI (MDI, 2009), XRDFIL (LSU), and MacDiff (Petschick, 
2004).  XRDFIL was used to analyze the whole sample.  MacDiff was used to obtain 
background-subtracted peak areas of decomposed overlapping peaks for calculation of clay 
mineral ratios.  Mineral peak areas, based on mineral 2θ values, were picked for both bulk and 
clay-fraction analyses.  These peak areas (PAs) were then multiplied by mineral intensity factors 
(MIFs), constants of mineral proportionality.  These MIFs (Table 2.2) were used, because the 
counts comprising the 100% peak for different minerals vary greatly.  Therefore, MIFs are 
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calculated and used to normalize peak values in each sample.  Normalization is based on a 100% 
corundum peak.   
2.3.6  X-ray Diffraction:  Whole Sample Mineralogy  
 XRD whole samples and clay-fraction data for each homogenized sample were collected 
using the Brüker-Siemens D5000 diffractometer in the LSU Department of Geology and 
Geophysics.  The aliquot for XRD analysis was rinsed with distilled water and centrifuged to 
remove salt.  After rinsing, samples were split again for XRD whole sample and clay-fraction 
analyses.  Two grams of the whole sample were micronized and dried at 60˚C.  Samples were 
then crushed using a mortar and pestle to remove lumps and side-loaded into aluminum holders.  
These random mounts were run from 2-70˚ 2θ with a 0.02 step and _s counting time.  Five 
samples were only run to ~35˚ 2θ due to instrument problems. 
Table 2.2.  MIFs for mineral PAs in this study. 
      Mineral     2θ (˚) d spacing (Å) MIF 
Illite 8.2-9.2 10.78-9.61 2
*
 
Kaolinite + Chlorite 12-12.85 7.25-7.02 4
*
 
Quartz 26.45-26.95 3.37-3.31 1 
Calcite 29.25-29.85 3.04-3.01 1.39
**
 
K-feldspar 27.35-27.79 3.26-3.21 1.5 
Plagioclase 27.8-28.15 3.21-3.16 1.5 
Total Clay 19.5-20.5 4.55-4.33 20 
High-Mg Calcite 29.48-29.98
†
 3.03-2.98
†
 1.8
**
 
Pyrite 32.9-33.35 1.63-1.62 1.85 
Values from Cook et al. (1975) 
*
Values from Biscaye (1965) for comparison with Slingerland et al. (2008a).   
**
Values calculated (based on quartz) at the LSU Geology and Geophysics Department (Wanda 
S. LeBlanc, personal communication, March 2013). 
†
Values from Carver (1971). 
 
Equation 1 was used to obtain a quantitative representation (QR) of peak area percentages 
(PAPs) for each sample:   
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                                 (1) 
These PAPs were then used and plotted to represent the abundance of each mineral per sample 
down-core. 
2.3.7  X-ray Fluorescence 
 XRF data for each homogenized sample were collected using an Innov-X XRF handheld 
spectrometer (DELTA Premium; see Appendix A for limits of detection).  Residual samples 
from grain-size analyses were centrifuged and used for XRF analyses.  Samples were removed 
from their respective centrifuge tubes and placed into Nasco WHIRL-PAK bags.  Samples were 
then placed on a cotton-filled apparatus and analyzed with the handheld spectrometer in soil 
mode, a 90 second test using three beams, and mining mode, a 60 second test using two beams).  
Soil mode is intended for plotting concentrations of elements < 1,000 ppm, while mining mode is 
intended for plotting concentrations of elements > 0.1%.  Concentrations are calculated by 
software in the spectrometer and reported in counts per second.  Results are considered semi-
quantitative.   
2.3.8  Thermomagnetic Susceptibility 
Thermomagnetic susceptibility data were collected for five samples using the KLY-3 
Kappabridge in the LSU Rock Magneism laboratory (Appendix B).  Crushed samples (~0.2 g) 
were used to measure the thermomagnetic susceptibility of each sample; measurement was 
incrementally measured from room temperature to 700˚C.  These data were collected to evaluate 
the mineralogy responsible for observed MS in samples. 
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2.4   Results 
2.4.1   
14
C and Age/Depth Models 
The calibrated 
14
C ages for samples from these cores range from ~409 to 13,650 yr BP 
(Table 2.3).  Between 13,647 and 12,639 yr BP, at the shelf-edge, high sediment accumulation 
rates in MV-41 increase from 265 to 486 cm/kyr then decrease markedly to 74 and 28 cm/kyr 
between 12,639 and 409 yr BP (Figure 2.2).  At MV-46, collected from the continental margin 
upper slope, sediment accumulation rates are high and then slowly decrease at a rate of 536 
cm/kyr between 10,421 and 9,042 yr BP, at which point sediment accumulation rates decrease 
markedly from 123 to 74 cm/kyr between 9,042 and 4,935 yr BP (Figure 2.2).  Sediment 
accumulation rates at MV-49, collected from the continental margin middle slope, are ~715 
cm/kyr between 11,212 and 10,152 yr BP (Figure 2.2).  
Table 2.3.  
14
C ages from MV-41, MV-46, and MV-49. 
 Core and Sample 
      Depth (m) 
Planktic 
Foram 
14
C 
Age, yr BP 
Wood 
14
C Age,             
yr BP 
Reservoir- 
corrected 
14
C 
Age, yr BP 
Calibrated 
14
C 
Calendar Age,  
yr BP 
41: 0.07-0.15 690 ± 30 -- 348 409 ± 58 
41: 0.61-0.63 -- 10,150 ± 35 -- 11,818 ± 87 
41: 1.97-2.05 6,690 ± 35 -- 6,348 7,273 ± 33 
41: 5.52-5.53 -- 10,225 ± 581 -- 11,960 ± 108 
41: 8.81-8.83 -- 10,700 ± 70 -- 12,639 ± 63 
41: 11.43-11.45 -- 11,800 ± 140 -- 13,647 ± 129 
46: 1.56-1.57 -- 4,380 ± 40 -- 4,935 ± 71 
46: 3.09-3.11 -- 6,100 ± 50 -- 6,964 ± 71 
46: 4.13-4.15 -- 6,950 ± 100 -- 7,778 ± 102 
46: 5.92-5.99 8,470 ± 30 -- 8,128 9,042 ± 33 
46: 11.93-11.95 -- 9,680 ± 50 -- 11,120 ± 92 
46: 13.31-13.38 9,590 ± 60 -- 9,248 10,421 ± 98 
49: 1.60-1.69 9,300 ± 40 -- 8,958 10,152 ± 68 
49: 3.52-3.54 8,600 ± 40 -- 8,258 9,242 ± 75 
49: 6.56-6.57 -- 9,810 ± 65 -- 11,221 ± 42 
49: 9.51-9.60 10,140 ± 110 -- 9,798 11,212 ± 119 
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Figure 2.2.  Age/depth models indicating 
14
C ages and SARs with depth for MV-41, MV-46, 
and MV-49. 
 
2.4.2  Gamma Density and Magnetic Susceptibility 
 The MSCL GD and MS curves co-vary in MV-41, MV-46, and MV-49, respectively, 
with MS variation exhibiting higher magnitudes (Figures 2.3-2.5).  Data gaps are due to gaps 
between core sections, and extremely erratic variation is most likely due to degassing of core 
during acquisition and processing (Muhammad, 2009).  In MV-41, the average GD is ~1.5 g/cm
3
 
with slight variation down-core.  MS in MV-41, ranges between ~5 and 30×10
-6
 SI, displays 
peaks between -9 and -7.5 m, -6.5 and -4.5 m, -4 and -3 m, -2.5 and -1.5 m, and -0.75 and 0 m.  
Troughs occur between -7.5 and -6.5 m, -4 and -3.5 m, -3 and -2.5 m, and -1 and -0.75 m.   
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 GD for MV-46 exhibits greater variability than MV-41 with a range between ~1.6 and 
2.2 g/cm
3
, but with a similar average of ~1.5 g/cm
3
.  High variability may be due to degassing of 
the core around -9 m.  MS in MV-46 co-varies with GD, with peaks located between -5 and -3.8 
m and near -1 m.  Troughs occur between -6.5 and -5.5 m and -3.8 and -3 m. 
 MV-49 appears to show the least variability in GD with an average of ~1.5 g/cm
3
, but the 
data display a sharp decrease between ~-1 and 0 m, ranging from ~1.5 to 1.2 g/cm
3
.  Like MV-41 
and MV-46, MS trends in MV-49 closely parallel those in GD.  Peaks occur between -6.75 and -
5.75 m, -4.5 and -2.75 m, -2 and -1.5 m, and around -0.5 m.  Troughs occur between -7.1 and -
6.75 m, -5.75 and -4.5 m, -4.5 and -2.75 m, and around -0.6 m. 
2.4.3  Mass Accumulation Rates 
  Near the base of MV-41, on the continental margin shelf-edge, MARs are ~400 g cm
-
2
/kyr for the interval 13,647-12,639 yr BP.  MARs then increase to ~700-750 g cm
-2
/kyr for the 
interval 12,639-11,960 yr BP, decrease to ~115 g cm
-2
/kyr for the interval 11,960-7,273 yr BP, 
and further decrease to ~40 g cm
-2
/kyr over 7,273- 409 yr BP.  At the bottom of MV-46, along 
the continental margin upper slope, MARs are ~900-1,100 g cm
-2
/kyr for the interval 10,421-
9,042 yr BP.  MARs then decrease to ~250-300 g cm
-2
/kyr for the interval 9,042-7,778 yr BP, 
followed by a slight increase to ~350 g cm
-2
/kyr over 7,778-6,964 yr BP.  MARs finally decrease 
to ~150 g cm
-2
/kyr for the interval 6,964- 4,935 yr BP.  Detailed MARs for MV-49 are uncertain 
due to the age reversals in 
14
C dates.  However, estimates from the sediment accumulation rates 
in Figure 2.2, based on no age reversals, yield MARs over the interval 11,191-9,245 yr BP are 
~1,000 g cm
-2
/kyr for the middle continental margin slope. 
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2.4.4  Visual and X-radiographic Core Description 
X-radiographs (Appendix C) reveal that most cores are fully bioturbated and/or contain 
relatively featureless sediment with isolated examples of stratified sediment and strong gradients 
in sediment density.  Near the base of each core, cracks and voids are present, possibly due to 
core degassing during acquisition and processing (Muhammad, 2009). 
 MV-41, taken from a water depth of ~92 m near the shelf-break of this continental 
margin, consists of roughly 13 m of gray-green mud.  Based on the available X-radiographs, 
little stratification and distinct bioturbation with distinguishable burrows within the core, which 
are nearly homogenized by bioturbation, are evident, but potential stratification exists around -4 
m.  Alternating higher sediment densities are more apparent within the relatively homogeneous 
mud near the top of MV-41, at -3 to -2 m, in comparison with its deeper core sediments (Figure 
2.3).   
 MV-46, taken from an approximate water depth of 399 m on the upper slope of this 
continental margin, comprises about 14 m of gray-green mud, exhibiting a slight increase in 
distinct bioturbation and intermittent stratification in comparison with MV-41.  However, a 
majority of the core consists of relatively homogeneous mud with possible stratification around -
11, -5.5, and -2 m.  Like MV-41, MV-46 contains alternating high and low sediment densities 
spread throughout the core (Figure 2.4). 
MV-49, taken from an approximate water depth of 859 m on the middle slope of this 
continental margin, contains about 11 m of gray-green mud, displaying no apparent stratification 
and less distinct bioturbation than MV-46, but more than MV-41.  MV-49 is reported to contain 
ash layers around -6.25, -3.9 m, and -2.7 m (Muhammad, 2009), and the core shows little change 
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in sediment density, with the exception of around -10 m where a thin segment of higher density 
is evident (Figure 2.5). 
2.4.5   Grain-size 
Sediments from MV-41, MV-46, and MV-49 reveal a combined average grain-size of 
~21 μm (medium silt), and all three cores exhibit relatively higher-in-magnitude grain-size peaks 
near the tops of each core, with slight grain-size variations down-core (Figures 2.3-2.5).  This 
observation is in agreement with mud percentages presented by Muhammad (2009).  MV-41 
contains sediments with grain-sizes ranging from clay to fine sand, with an average grain-size of 
~27 μm (medium silt).  MV-46 contains sediments with grain-sizes ranging from clay to coarse 
silt, with an average grain-size of ~17 μm (fine to medium silt).  MV-49 contains sediments with 
grain-sizes ranging from clay to coarse silt, with an average grain-size of ~18 μm (fine to 
medium silt).  All three cores display similar grain-size trends down-core, but exhibit different 
peak magnitudes at each of their core tops.  This includes the very high-magnitude grain-size 
peaks at the top of MV-41 between -2.5 and 0 m, with peaks around ~155 and 82 μm, 
respectively, as compared to the lower-in-magnitude peaks at the tops of MV-46, between -1 and 
-1.5 m, with peaks around 57 and 21 μm, respectively, and MV-49, between -1 and -4.5 m, with 
peaks around 41 and 23 μm, respectively (Appendix D). 
2.4.6   X-ray Diffraction:  Clay Mineralogy (< 2 μm) 
 The XRD patterns of glycolated clay samples from MV-41, MV-46, and MV-49 illustrate 
the shape and position of the peaks produced by clay minerals in the cores.  The curves in Figure 
2.6A were obtained by adding the patterns from individual samples to produce a composite 
indication of the average clay composition.  They contain smectite, ~18-24%, illite, 15-34%, 
kaolinite, ~23-35%, and chlorite, 21-26% (Figure 2.6A; Appendix E).  The composite curve 
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from JPC 01, JPC 13, JPC 21, and JPC 48 in Figure 2.6B exhibits peak shapes and intensities 
obtained during a study of other cores at Pennsylvania State University (PSU) are very similar to 
those reported herein, the facilitating correlation of the strata.  The stacked glycolated curves also 
reveal a slightly better ability to differentiate between kaolinite and chlorite around 25° 2θ in 
MV-46/MV-49, making it easier to calculate the PAPs of these minerals at their primary 12.5° 
2θ peaks (Figure 2.6A).  This differentiation can also be seen in JPC 01, JPC 13, JPC 21, and 
JPC 48 (Figure 2.6B; Xu, personal communication, 2013), which indicates a possible correlation 
of clay mineralogy.  Each core contains nearly equal percentages of smectite and chlorite.  MV-
41 contains the most of both smectite and chlorite, ~24% and 26%, respectively.  MV-46 
contains the smallest amount of smectite, ~18%.  MV-49 contains the least chlorite, ~21%.  MV-
46 and MV-49 are illite-dominated, ~33-34%, with lower percentages of kaolinite, ~23-26%, 
whereas MV-41 is kaolinite-dominated, ~35%, with a lower percentage of illite, ~15%.  The clay 
mineralogy of these cores was then compared with GoP surficial shelf data (Slingerland et al., 
2008), as well as JPC 01, JPC 13, JPC 21, and JPC 48 surficial and down-core data (Xu, personal 
communication, 2013) (Figure 2.7).  Figure 2.7 displays three groupings of data, which include, 
Group 1:  high illite/smectite and low kaolinite plus chlorite, predominantly surficial shelf data 
from Slingerland et al. (2008); Group 2:  moderate illite/smectite and slightly higher kaolinite 
plus chlorite, found in MV-46, MV-49, and most of the JPC 01, JPC 13, JPC 21, and JPC 48 
data; and Group 3:  low illite/smectite and much higher kaolinite plus chlorite (MV-41).  Overall, 
the clay mineralogy of the western GoP surficial sediment is dominated by illite (illite/smectite ≈ 
8), whereas surficial clays of the eastern GoP are less dominated by illite (illite/smectite ≈ 2-3), 
and the central GoP exhibits a high to low gradation of surficial illite/smectite clay mineralogy 
from west to east (Figure 2.8).   
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 MV-41, MV-46, and MV-49 show definite down-core variation in illite/smectite and 
kaolinite/chlorite (Figures 2.3-2.5).  These variations, along with 
14
C ages for these cores, as well 
as these ratios and 
14
C ages for JPC 01, JPC 13, JPC 21, and JPC 48, are shown in Figure 2.9.  
The general trend of these western to central GoP cores, with the exception of JPC 01, exhibits 
increasing illite/smectite values up-core.  MV-41 shows a positive illite/smectite peak around -7 
m, ~1.3, and alternation of illite/smectite between -2 and 0 m, ~0.4-0.8.  Kaolinite/chlorite is 
predominantly constant throughout MV-41, ~1.3-2, and has a slight negative slope up-core, with 
the exception of negative peaks at ~-2.3 m, ~0.7, and ~-0.5 m, ~0.6.  Illite/smectite for MV-46 is 
relatively constant between -14.5 and -3 m, ~ 1.3-1.8, with positive spiking of illite/smectite at -
13.5 m, ~2.4, and between -5 and 0 m, ~2.3-3.1.  The MV-46 kaolinite/chlorite curve is similar 
to the illite/smectite curve from ~-14.5 to -4.5 m with the exception of a positive peak around -
10.5 m, ~1.9, and a nearly inverse relationship with the illite/smectite curve between ~-5 m and 0 
m, ~0.4-2.0.  Overall, illite/smectite and kaolinite/chlorite in MV-49 are variable throughout the 
entire core with ranges from ~1.1 to 2.4 and ~0.5 to 2.3. 
2.4.7   X-ray Diffraction:  Whole Sample Mineralogy 
 The overall mineral content of MV-41, MV-46, and MV-49 consists of total clay, ~54%, 
quartz, ~35%, K-feldspar, ~3.5%, plagioclase, ~5.6%, calcite, ~6.4%, high Mg-calcite, ~4.1%, 
and pyrite, ~4.2% (Figures 2.3-2.5; Appendix F).  MV-41 is rich in total clay (~52%) and quartz 
(~40%), while no calcite or high Mg-calcite clearly evident in XRD patterns (Figure 2.3).  The 
most variation occurs between the dominant mineral groups, total clay minerals and quartz, 
which share a near-inverse relationship.  A very low concentration of clay minerals around 
~18%, with corresponding ~72% quartz, occurs around -12.5 m.  A sharp increase in clay 
content exists around -12.25 m, to ~56%, with a decrease of quartz to ~37%.  This is followed by  
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Figure 2.6.  Combined stacked glycolated XRD curves of clay samples (< 2 μm) from (A) MV-
41; MV-46 and MV-49; and (B) JPC 01, JPC 13, JPC 21, and JPC 48 (Xu, personal 
communication, 2013). 
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Figure 2.7.  Ternary diagram of clay mineralogy for MV-41, MV-46, and MV-49; JPC 01, JPC 
13, JPC 21, and JPC 48 (Xu, personal communication, 2013); and surficial shelf data 
(Slingerland et al., 2008a).  See Figure 2.1 for core and shelf locations.  Dashed circles indicate 
mineralogical groups defined in XRD clay mineralogy results (2.4.6). 
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Figure 2.8.  A geological map of PNG with rivers and outlines of their respective catchment 
areas.  Surficial illite/smectite ratios are indicated for the shelf (orange circles; Slingerland et al., 
2008a); JPC 1, JPC 13, JPC 21, and JPC 48 (blue/purple circles; Xu, personal communication, 
2013); and MV-41, MV-46, and MV-49 (red circles; Howell) (Terrestrial geologic data from 
Steinshouer et al., 1999). 
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a gradual decrease in clay content between -11 and 5 m, to ~52%, and then an increase to ~63%, 
which corresponds to an increase in quartz to ~41% and then a decrease to ~31% of quartz.  
More closely spaced peaks and troughs in the two mineral abundances occurs at the top ~4 m of 
MV-41, where total clay content is ~44-63% and quartz is ~31-48%. 
 Like MV-41, MV-46 is dominated by inversely-related total clay minerals, ~57%, and 
quartz, ~29%, concentrations (Figure 2.4).  Clay content increases from ~65 to 82%, which 
corresponds to a decrease in quartz from ~28 to 4.4%, between -14.5 and -12.5 m.  This is 
followed by a sharp decrease in clay content, ~55%, increase in clay content, ~65%, and then a 
gradual decrease in clay content to ~41%, which corresponds with a rapid increase in quartz, 
~35%, decrease in quartz, ~26%, and then a gradual increase in quartz to ~45% between -11.5 
and -8 m.  This is followed by an increase in clay content to ~61% to the top of the core, which 
corresponds to a decrease in quartz to ~23%.  MV-46 differs, in that it contains calcite, ~7.6%, 
between ~-11 and 0 m with higher concentrations, and plateau of percentages, at the top 5 m of 
the core, up to ~11%, as well as relatively constant high Mg-calcite, ~4.1%, percentages between 
~-5 and 0 m.   
 The abundance of total clay minerals, ~53%, and quartz, ~37%, are also generally 
inversely-related within MV-49.  The exception is a sharp decrease in total clay around -0.01 m 
with a percentage of ~30% where quartz only exhibits a percentage increase to ~37%.  
Throughout the core, total clay and quartz percentages are relatively constant, with more closely 
spaced minima and maxima than MV-41 and MV-46 (Figure 2.5).  Calcite, ~3%, is 
comparatively constant throughout the core with the exception of -0.01 m, with a percentage of 
~23%.  High Mg-calcite is not clearly evident in XRD patterns.  For comparison, calcium 
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carbonate content in MV-51 and MV-54 averages at ~3.8 and 3.0% (Febo et al., 2008) and ~10-
60% and ~10- 55% in MV-33 and MV-66 (Jorry et al., 2008). 
2.4.8   X-ray Fluorescence 
 Following the lead of Rothwell et al. (2006) and Thomson et al. (2006), where they 
showed that Ca/Fe ratios differentiate between likely marine- and terrigenous-derived sediments, 
this study focuses on Ca/Fe ratios produced by XRF analyses (Figures 2.3-2.5; Appendix G).  In 
MV-41, Ca/Fe averages around 0.1 from the base of the core to ~-4.5 m, at which point the ratio 
decreases slightly to around -0.15 m with an average of ~0.06, and a range of troughs and peaks 
between ~0.3 and 0.9.  At the top of the core, Ca/Fe increases sharply to ~0.35.  The Ca/Fe 
values in MV-46 gradually increase from the bottom of the core, ~0.13, to ~-7.75 m, ~0.25, at 
which point the ratio increases until ~-4.4 m, ~1.  The Ca/Fe values within the top 4.4 m of the 
core then plateau and average ~1, with troughs and peaks ranging from ~0.75 to 1.2.  In MV-49, 
the Ca/Fe curve most resembles the curve of MV-41 but exhibits higher magnitudes overall.  The 
average from the base of the core up to ~-0.85 m averages ~0.2 with a sharp increase at the top 
of the core to a maximum of ~1.8. 
2.5  Discussion  
2.5.1  Relative Sea-level and Sedimentation in the Papua New Guinea Region 
 The sea-level curve for the last deglaciation (LGM) in the PNG region shown in Figure 
2.10 utilizes data from corals (Chappel and Polach, 1991; Ota et al., 1993), organic material 
(Hanebuth et al., 2000), and foraminifera (Yokoyama et al., 2000), which were then used to 
estimate paleo-water depths shown in Table 2.4.  The curve shows that late- to post-glacial 
relative sea-level rise was not a uniform transgression, but rather a step-wise pattern with pauses 
in relative sea-level rise throughout time.  The 
14
C age ranges for MV-41, MV-46, and MV-49 
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are shown at the top of Figure 2.10, along with MV-41 
14
C ages versus total sample depth, are 
superimposed on this sea-level curve to better illustrate age/depth relationships in the GoP during 
this segmented sea-level transgression.  The plotted MV-41 
14
C ages help show the decrease in 
sedimentation around the end of the YD, which augments the age/depth model shown in Figure 
2.2. 
Figure 2.10.  A post-LGM sea-level curve based on age dates from the Huon Peninsula, 
Bonaparte Sea, and Sunda Shelf, with MV-41, MV-46, and MV-49 age ranges indicated at the 
top of the figure.  GoP MV-41 
14
C ages (both coarse wood debris and planktic foraminiferal 
ages) do not represent relative sea-level, but they are present in order to indicate SARs and to put 
the core’s sediments in the context of relative sea-level with respect to total core depth and 
timing of deposition (modified from Muhammad, 2009). 
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Table 2.4.  Estimation of paleo-water depths for 
14
C dated samples from MV-41, MV-46, and 
MV-49 with the utilization of Figure 2.9 for approximate sea-level in column 6. 
Core and Sample 
     Depth, m 
14
C age,             
yr BP 
Water 
Depth, m 
Core 
Depth, m 
Sample 
Depth, m 
~SL, m 
Est. Water 
Depth, m 
41: 0.07-0.15 409 92 0.11 92 -- 92 
41: 0.61-0.63 11,818 92 0.62 93 55 38 
41: 1.97-2.05 7,273 92 2.01 94 7.5 87 
41: 5.52-5.53 11,96 92 5.5 98 60 38 
41: 8.81-8.83 12,639 92 8.8 101 68 33 
41: 11.43-11.45 13,647 92 11.4 103 75 28 
46: 1.56-1.57 4,935 399 1.6 401 --  401 
46: 3.09-3.11 6,964 399 3.1 402 6 396 
46: 4.13-4.15 7,778 399 4.1 403 10 393 
46: 5.92-5.99 9,042 399 5.955 405 24 381 
46: 11.93-11.95 11,120 399 11.9 411 53.5 357 
46: 13.31-13.38 10,421 399 13.345 412 52 360 
49: 1.60-1.69 10,084 859 1.645 861 42 819 
49: 3.52-3.54 9,245 859 3.6 863 27.5 835 
49: 6.56-6.57 11,221 859 6.6 866 55 811 
49: 9.51-9.60 11,191 859 9.555 869 54 815 
 
The sediments from these cores were deposited between ~13,647 and 409 yr BP (Table 2 
and Figure 2.2).  LGM, from ~23 to 19 kyr BP, continental glaciation produced a drop in eustatic 
sea-level, resulting in a relative sea-level ~120 m lower than present (Fairbanks, 1989; 
Guilderson et al., 2000; Visser at al., 2003; Yokoyama et al., 2000; Weaver et al., 2003; Clark et 
al., 2004; Bassett et al., 2005; Jorry et al., 2008).  The GoP shelf, which has been accumulating 
terrigenous PNG sediment during high sea-level periods since the Pliocene (Gardner, 1970; 
Beiersdorf, 1989), was subaerially exposed during the LGM, allowing rivers to discharge fluvial 
sediments closer to the modern shelf-break (Febo et al., 2008).  A series of meltwater pulses, 
including Meltwater Pulse-1A (MWP-1A), during the Bølling-Allerød (B-A) interstadial, and 
Meltwater Pulse-1B (MWP-1B), occurred due to climatic fluctuations and ice dam failures, 
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causing post-LGM transgression/flooding of the shelf to proceed in a step-wise pattern until 
modern sea-level conditions were reached (Liu et al., 2004; Kubo et al., 2006).   
An interpretation of depositional histories and sediment provenances for the cores used in 
this study, from the nPT continental margin shelf-edge (MV-41), upper slope (MV-46), and 
middle slope (MV-49), is first determined by using age/depth models to better understand overall 
sediment accumulation rates and timing of deposition, based on 
14
C ages in each core (Figure 
2.2).  Then, by using these age/depth models, interpretations of sediment routing and provenance 
utilizing GD, MS, MARs, grain-size, XRD (clay and whole sample), XRF, and thermomagnetic 
susceptibility datasets are presented for the following time periods:  a middle transgression 
encompassing MWP-1A, from ~14.5 to 12.5 kyr BP, the YD, from ~12.5 to 11.5 kyr BP, and 
MWP-1B, from ~11.5 to 10.5 kyr BP, and a late transgression/highstand encompassing the late 
Holocene, from ~10.5 kyr BP to present. 
2.5.2  Uncertainty in Age/Depth Models 
 Uncertainties exist within this 
14
C age dataset with respect to exact timing of sediment 
deposition, versus timing of coarse wood debris and foraminifera deposition.  The 
14
C ages of 
coarse wood debris, originating from trees of PNG, may appear much older compared to the age 
of foraminifera as the wood must travel much farther to reach this continental margin.  Or, older 
coarse wood debris may have been trapped on the continental shelf prior to transporting to the 
nPT continental margin. This means that 
14
C ages that are based on coarse wood debris yield 
maximum age estimates for times of deposition.  
14
C ages based on planktic foraminifera are 
generally considered to be more reliable dates in representing time of sediment deposition, 
compared to coarse wood debris in marine systems (e.g., Jorry et al., 2008; Febo et al., 2008).  
Based on the calibrated 
14
C ages shown in Table 2.3, uncertainty for foraminiferal 
14
C ages 
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ranges from 33 to 129 yr, which is < 1% of each respective sample age.  The combination of 
foraminiferal 
14
C ages, which are likely very close to the actual age of sediment deposition, with 
dates from coarse wood debris, which represent maximum ages of sediment deposition, is one 
possible cause for the apparent age inversions evident in cores MV-41, MV-46, and MV-49 
(Figure 2.2).  
An additional cause of uncertainty in these age models is the assumption that the top of 
each core is representative of the seafloor.  Poor recovery of the sediment-water interface is a 
common problem with piston cores.  In order to help alleviate this uncertainty, when possible, 
samples utilized for analyses within the top 3 m below the seafloor at each location were taken 
from each jumbo piston core’s respective trigger core.  However, not all samples within this top 
3 m were taken from each trigger core, so, jumbo piston core samples were used in those cases. 
A final source of uncertainty in age/depth models is the assumption that sediments are 
preserved in correct chronostratigraphic order with respect to age of initial deposition. 
Examination from seismic data in Figure 2.2C shows that subbottom reflectors at the MV-41 
shelf location are sharply truncated at the modern shelf edge.  The surface reflector seaward of 
MV-41 appears to be concordant with subsurface reflectors extending downslope past the upper 
slope location of MV-46, and beyond, towards the location of MV-49 (Figure 2.1). Such 
reflector geometry could be explained by the occurrence of a mass failure seaward of MV-41 at a 
time after the slowing of sediment accumulation at MV-41, and subsequent downslope transport 
and deposition of failed material near the locations of MV-46 and MV-49. This is consistent with 
one interpretation of Figure 2.2, wherein the time frame incorporating age reversals in all three 
cores is approximately 8-12 kyr BP, centered on 10 kyr BP, indicating that any potential mass 
transport event occurred soon after this time frame.  Therefore, slope sediments younger than 8-
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10 kyr BP may represent sediment deposited from suspension, not mass transport, such as the 
upper ~6 m of MV-46, whereas the lower ~8 m of MV-49 may represent mass transport deposits. 
2.5.3  Modern Shelf Patterns of Sediment Composition 
In order to construct illite/smectite provenance patterns/indicators within the GoP, 
Figures 2.7, 2.8, and 2.9 combine XRD data from this study, data from Slingerland et al. (2008a), 
and data from Xu and Milliman (personal communication, 2013).  Collectively, these data show 
a progression of high to low illite/smectite values from the western GoP, near the Fly River, to 
the eastern GoP, near the Vailala and Lakekamu rivers (Figure 2.8).  In addition, the combination 
of unpublished data (Xu, personal communication, 2013) with the data of this study also shows a 
relative low to high gradation of kaolinite plus chlorite from the western to eastern GoP (Figure 
2.9).  These gradations are consistent with basin geology (Figure 2.8) and identified river 
sediment compositions (Milliman, 1995; Brunskill, 2004).  Based on these consistencies with 
GoP clay mineralogy, three groupings of data are evident based on river sources (Figure 2.7).  
These distinct clay mineralogical populations group into distinct compositions associated with 
rivers entering the GoP:  Group 1, in the west near the Fly River; Group 2, centrally located near 
the Purari and Kikori rivers; and Group 3, in the east near the Vailala and Lakekamu rivers.  By 
utilizing these down-core mineralogical patterns, sediment transport pathways and timing of 
sediment delivery from these rivers may be traced into the basin.  Climatic change affecting clay 
mineral distribution was not taken into account, because kaolinite did not vary largely throughout 
a majority of each core (Appendix E).  Counterclockwise mixing of water and sediment within 
the GoP is probable to some degree, but the same gradation of high to low illite/smectite ratios 
from west to east in the GoP is seen at the river mouths (Figure 2.8).  Therefore, there is little 
differentiation during transport.  There is also possible mixing of sediment due to bioturbation, 
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but overall trends in original clay mineralogical sources is likely to have been preserved.  
Sedimentary differentiation due to grain or aggregate diameter was also not taken into 
consideration, because a gradation of high to low kaolinite and low to high illite basinward is not 
seen (Figures 2.3-2.5 and Appendix E).  And, finally, early diagenesis with authigenic clay 
formation is unlikely, because there exist geographical clay mineral gradations in the modern, as 
well as the recent past, suggesting river source variation based on illite/smectite ratios, rather 
than illitization.  In addition, temperatures are not likely high enough for clay growth after 
deposition within these core depths at the nPT continental margin (Kerr, 1952).   
2.5.4  Bølling-Allerød (~14.5-12.5 kyr BP) 
During B-A times, relative sea-level rose from ~-80 to -60 m (Jorry et al., 2008) (Figure 
2.10).  At this time the middle GoP shelf was subaerially exposed, resulting in no sediment 
accumulation (Slingerland et al., 2008a).  At the outer GoP nPT continental margin shelf-edge 
(MV-41), however, rapid sedimentation occurred in a prodeltaic environment.  This conclusion 
is based on the close proximity of MV-41 to the paleogeographic shoreline, being located only 
~10 km seaward of the coastline in water depths of near 20-40 m (Table 2.4 and Figures 2.2, 2.3, 
2.10, and 2.11), where X-radiographs show relatively homogeneous mud, fine-grained sediment, 
and high clay content at this location (Figure 2.3).  This depth range on the modern GoP 
clinothem is characterized by the most rapid in the region (Walsh and Nittrouer, 2009).  If 
modern processes such as winds, tides, and waves were similar to today (e.g., Slingerland et al., 
2008 a, b), sediment supply and bed shear stresses on the outer shelf during the B-A would have 
resulted in sediment accumulation.   
Overall, illite/smectite values were very low at the shelf-edge during the B-A (MV-41), 
comparable to modern eastern GoP shelf data from Slingerland et al. (2008a) (Figure 2.8).  This 
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indicates that the more ―mature‖ sediments, with high illite content, from the Fly River region 
were limited or absent in the eastern GoP where ―immature‖ sediments, with high smectite 
content, were much more prevalent on the shelf.  Thermomagnetic susceptibility data were 
originally acquired to collaborate with the existing MSCL MS and new XRD mineralogical data 
to see if illite is the major mineral responsible for MS peaks (Appendix F).  However, the 
magnetic susceptibility of each sample exhibits a Curie temperature at ~580˚C, the Curie Point 
for magnetite (Hrouda et al., 2003), which is not clearly evident in the XRD data and may 
indicate that low abundances of highly susceptible magnetite, a ferrimagnetic mineral, produce 
spikes in MS.  However, there are significant breakdown peaks, which one could argue to be 
illite. 
In sediments of B-A age, kaolinite/chlorite and kaolinite plus chlorite values, at the shelf-
edge, are high in comparison to the younger sediments of MV-46, MV-49, JPC 01, JPC 13, JPC 
21, and JPC 48 (Figures 2.3-2.5 and 2.7).  MV-41 also exhibits higher kaolinite/chlorite versus 
illite/smectite ratios throughout its entirety (Figure 2.3), compared to other cores.  An 
explanation for high kaolinite content may be explained by a volcanic provenance, which has 
higher feldspar content, that preferentially weathers to kaolinite and illite (Galán, 2006).  This 
supports the hypothesis that MV-41 is fed by a closer river source, the Lakekamu River (Figure 
2.11), which drains a large area of volcanics within its catchment (Figure 2.8).  In addition, 
Ca/Fe values at the shelf-edge (Figure 2.3) are also very low, indicating that terrigenous material 
is dominant (Rothwell et al., 2006; Thomson et al., 2006).  There is also a possibility that the Fe 
present increases with depth as a result of geochemical conditions becoming more anaerobic 
(Berner, 1970).  However, this was not a major focus of the present study, and the data utilized 
are not capable of making such distinctions. 
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Data are not available for the nPT continental margin upper and middle slope during the 
B-A, because MV-46 and MV-49 do not encompass this time period.  However, core data 
southeast and southwest of the nPT continental margin middle slope (Febo et al., 2008), indicate 
slow sediment accumulation rates at MV-51 and MV-54 (Figure 2.11).  The same low  hold true 
for the more basinal MV-33 and MV-66 cores (Figure 2.1; Jorry et al., 2008) where hemipelagic 
sedimentation is dominant at that time. 
2.5.5  Younger Dryas (~12.5-11.5 kyr BP) 
Following B-A times, relative sea-level rise slowed and remained static, from 12.5 to 
11.5 kyr BP during the YD,  at ~-60 m (Figure 2.10), a time associated with increased sediment 
delivery to GoP basins (Jorry et al., 2008).   At this time, the middle GoP shelf was still 
subaerially exposed, but accelerated sediment accumulation occurred at the outer GoP nPT 
continental margin shelf-edge (MV-41; Figures 2.2, 2.3, 2.10, and 2.11).  Illite/Smectite ratios 
are variable in sediments of this age, which may indicate both central Group 2, with higher 
illite/smectite, and Group 3, with lower illite/smectite PNG fluvial sources (Figure 2.8).   
In sediments of YD age (MV-41), kaolinite/chlorite and kaolinite plus chlorite values are 
still highly abundant at the shelf-edge, indicating that the Lakekamu River provenance is still 
dominant at the shelf-edge location (Figures 2.8 and 2.11).  Subbottom stratigraphy, shown in 
Figure 2.1, shows that MV-41 is not located within the foreset region of a prograding clinoform 
during the YD, but MARs (Figure 2.3) and apparently aggrading reflectors (Figure 2.1) indicate 
an environment favorable for sediment deposition and accumulation.  If modern processes such 
as winds, tides, and waves were similar to today (e.g., Slingerland et al., 2008 a, b), water depths 
during the YD would have allowed for sediment accumulation (Table 2.4; Figure 2.11).  Just as 
during the B-A, Ca/Fe values at the shelf-edge (Figure 2.3) are still very low during the YD, 
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indicating that terrigenous material is dominant (Rothwell et al., 2006; Thomson et al., 2006).  It 
is during this time that the shelf-edge depocenter along the nPT continental margin built out to 
near its present extent and began to steer off-shelf sediment transport west of MV-41.  Based on 
the age/depth model in Figure 2.2, in water < 38 m deep, at least 6 m of sediment composing this 
bathymetric high was deposited between ~14.5-10.5 kyr BP (Figures 2.1, 2.10; Table 2.3).   
Data are not available for the nPT continental margin upper and middle slope during the 
YD, because MV-46 and MV-49 do not encompass this time period; but, core data from Febo et 
al. (2008), southeast and southwest of the nPT continental margin middle slope, indicate slow 
sediment accumulation rates at MV-51 and MV-54 (Figure 2.11).  On the other hand, the MV-33 
and MV-66 cores (from Jorry et al., 2008) show an increase in sediment accumulation during 
this time from fluvially-sourced turbidites (Jorry et al., 2008).  In addition, during the YD 
sediment accumulation rates in MV-33 are much higher, ~187 cm/kyr, than those in MV-66, ~34 
cm/kyr.  Collectively, the results presented in this study, combined with the results of Febo et al. 
(2008) and Jorry et al. (2008), indicate that shelf sediment flux, shelf processes, and outer shelf 
morphology created multiple conduits for sediment of contrasting compositions being delivered 
to the slope and into basins within the eastern GoP Pandora Trough during the YD. 
2.5.6  Meltwater Pulse-1B (~11.5-10.5 kyr BP) 
 Following YD times, during MWP-1B, which is attributed to warmer climatic conditions 
(Fairbanks, 1989), relative sea-level again rose from ~-60 to -40 m.  During this time, PNG river-
derived sediments likely began to aggrade and became trapped on the floodplain and innermost 
shelf, but still relatively subaerially exposed (based on analysis of Figure 2.11), reducing the 
sediment supply to the outer GoP nPT continental margin shelf-edge depocenter (MV-41).  This 
result is indicated by decreased sediment accumulation rates between 11,960 and 409 yr BP in 
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MV-41 (Figure 2.2).  Also during this time, at the shelf-edge (MV-41), quartz content increases 
slightly, suggesting a change in processes controlling sediment accumulation.  An increase in 
quartz content is suggestive of relatively energetic transport processes at the seabed that allowed 
local retention of quartz and basinward transport of time-equivalent clay fractions (e.g., Bridge 
and Demicco, 2008, from Makse et al., 1997).  An increase in quartz of silt size may also suggest 
more intense weathering within the source area (Johnsson, and Meade, 1990).  However, mean 
grain-size does not appear to change at this time.  Increases in quartz content occur 
simultaneously with decreases in Ca/Fe values (Figure 2.3).  These similarities can be explained 
by pulses of PNG-derived terrigenous sediments (Rothwell et al., 2006; Thomson et al., 2006).  
An overall decreased sediment accumulation rate at the shelf-edge is most likely due to a 
reduction in PNG-derived sediment input, from the Lakekamu River, due to continued shelf 
flooding rather than slope bypassing to the basin.  This interpretation is based upon 
dissimilarities between slope and shelf clay minerals in sediments of this age.  Shelf 
illite/smectite values remain low, and kaolinite/chlorite and kaolinite plus chlorite values are 
high (Figures 2.3 and 2.7), suggesting a Group 3 provenance, probably from the Lakekamu 
River.   
Moving to the upper and middle slope of the nPT continental margin, sediments of nearly 
the same age, between 11.1 and 11.2 kyr BP in MV-46 and MV-49, respectively, appear to have 
higher GD, lower MS, and slightly lower grain-sizes on the upper slope (MV-46) than the middle 
slope (MV-49).  These differences, given that MV-46 is located closer to the shelf-break than is 
MV-49, and MV-49 is located at a greater water depth and distance seaward (> 20 km) than is 
MV-46, suggest that sediments accumulating at these locations underwent different delivery 
processes and/or originated from different sources.  As seen in the age/depth model (Figure 2.2), 
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sediment accumulation rates slowed abruptly after the YD (MV-41).  However, such sediment 
accumulation rates on the continental margin upper slope sustained a relatively high sediment 
accumulation rate until ~8 kyr BP, based on the 
14
C ages from MV-46 (Figure 2.2).  Very high 
sediment accumulation rates at these locations (MV-46 and MV-49) are consistent with 
deposition of mass-transported sediment, because these sediments were deposited during MWP-
1B and late Holocene relative sea-level highstand, when shelf-trapped sediment prevailed 
(Figure 2.11).  Decreased sediment accumulation rates at the shelf-edge (MV-41) were most 
likely due to a reduction in PNG-derived sediment input from the Vailala and Lakekamu rivers.  
During continued shelf flooding, rather than slope bypassing into the basin, slope sediments were 
not being supplied by Group 3 rivers, the closest fluvial sediment sources.   
If sediment transport is currently being steered by seafloor morphology, and wind and 
tidal currents were similar during MWP-1B as today (e.g. Slingerland et al., 2008b), currents 
should be capable of steering central GoP sediments off the shelf west of MV-41 and in the 
direction of MV-46 and MV-49 (Figure 2.11).  Currently, off-shelf sediment transport appears to 
be favored via shelf channels in the GoP (i.e., Crockett et al., 2008; Slingerland et al., 2008b).  If 
this means of off-shelf sediment transport is applied to the eastern GoP ~12.5 to 10.5 kyr BP 
when relative sea-level is rising, the trough west of MV-41 where a broad secondary shelf 
reentrant exists west of these core locations, may serve as a conduit for off-shelf sediment 
transport, which supplies sediment to this continental margin slope (Figure 2.11).  This off-shelf 
steering of sediment occurred mainly due to the development of the shelf-edge depocenter at the 
MV-41 location.  This depocenter would have acted as a partial barrier inhibiting eastward 
central GoP-derived benthic sediment transport along the outer GoP shelf to east of this 
depocenter. 
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At the upper slope (MV-46), kaolinite/chlorite is low, when compared with some of the 
later Holocene sediments, and illite/smectite values are moderate, which indicates a more central 
GoP-derived provenance for these clay-dominated sediments (Figure 2.4).  Increases in kaolinite 
may indicate a more volcanic source within the Purari River catchment (Figure 2.8).  These 
observations suggest that, as relative sea-level rose during MWP-1B times, sediment delivery 
pathways were activated amongst a secondary shelf reentrant, allowing for more central GoP 
sediments, with higher illite/smectite ratios, to reach the MV-46 and MV-49 sites.   
Also, during MWP-1B at the upper slope, pelagic carbonate production became 
somewhat more prevalent.  This is indicated by up-core increases in calcite concentrations and 
Ca/Fe ratios (Figure 2.4), with less dilution of pelagic carbonate versus terrigenous input to the 
sites (Rothwell et al., 2006; Thomson et al., 2006).  However, these sediments are Fe-dominated.  
During this time period, within all nPT continental margin cores, but more evident in MV-46, 
there exists an inverse-relationship between quartz and total clay content when peaks in quartz 
content exist, along with the time-equivalent clay fraction, is located basinward of the upper 
slope in these cores.  This may be attributable to coarser sediment of event layers reaching this 
location (Bridge and Demicco, 2008, from Makse et al., 1997). 
At the middle slope (MV-49), kaolinite/chlorite and illite/smectite values are variable, 
possibly indicating pulses of central GoP-derived sources of sedimentation for these clay-
dominated sediments (Figure 2.5), with increases in kaolinite/chlorite indicating a more volcanic 
source within the Purari River catchment (Figure 2.8).  This reinforces the existence of sediment 
conduit pathway activation amongst a secondary shelf reentrant as relative sea-level rose during 
MWP-1B, allowing more central GoP sediments, with higher illite/smectite ratios, to reach the 
MV-46 and MV-49 sites.  Like MV-46, calcite is present in MV-49, which is paralleled by slight 
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increases in Ca/Fe (Figure 2.5), but, overall, these sediments are iron-dominated, suggesting 
more terrigenous sediment than marine sediment input (Rothwell et al., 2006; Thomson et al., 
2006).   
In a regional context, off-shelf sediment transport, during the step-wise transgression in 
the northeastern GoP, is spatially focused, during ~14.5-8 kyr BP, particularly in the upper to 
middle slope region of the nPT continental margin.  Sediment accumulation rates reported by 
Febo et el. (2008) for the middle transgression at middle slope cores MV-51, ~7 cm/kyr, 804 m 
water depth, southeast of MV-49, and MV-54, ~11 cm/kyr, 923 m water depth, southwest of 
MV-49, are much lower than the sediment accumulation rates at MV-46 and MV-49 during the 
same time span and at similar depths (Figure 2.1 and 2.2), which suggests that there exist 
sediment delivery paths, delivering sediment to MV-46 and MV-49, that do not influence 
sedimentation to the southeast or southwest of these cores. 
2.5.7  Late Holocene (~10.5 kyr BP-present) 
Global climate reached optimal temperatures during the interglacial time, around 6.5 kyr 
BP during the middle Holocene, when sea-level reached to within several meters of its present 
level (Lambeck and Chappell, 2001).  This resulted in a significant decrease in terrigenous 
sediment flux to the basins comprising the GoP (Harris et al., 1996).  The chronostratigraphic 
study conducted by Slingerland et al. (2008a) suggests that active GoP clinothem 
growth/aggradation began ~9 kyr BP, when accommodation became available on the middle 
shelf.  This coincides with the reduction in sediment accumulation rates at MV-46 ~9.042 kyr 
BP, as well as the reduction in sediment accumulation rates at MV-41 ~7.273 kyr BP, and 
possibly even earlier.  On the middle shelf during this time, there exists a gradation of high to 
low values of illite/smectite, indicating that the more ―mature‖ sediments, with high illite 
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content, from the Fly River region, dominate in the western GoP, and ―immature‖ sediments, 
with high smectite content, dominate in the eastern GoP.    
In the eastern GoP, continued flooding of alluvial valleys and associated sediment 
capture might explain the sharp reduction in sediment delivery, from PNG rivers to this 
continental margin, between ~7 and 9 kyr BP (Figures 2.2-2.5, 2.10, and 2.11), especially at the 
GoP nPT continental margin shelf-edge (MV-41).  At MV-41, illite/smectite values are low and 
kaolinite/chlorite values are high (Figure 2.3), which indicates a continued Lakekamu River 
provenance.  Where lows in kaolinite/chlorite exist, this may indicate a slight decrease in 
Lakekamu River input, and perhaps an increase in Vailala River input as well.  Ca/Fe values are 
predominantly low, with an exception at the top of the core.  This dominance in Fe indicates 
more terrigenous sediment input versus marine input (Rothwell et al., 2006; Thomson et al., 
2006).  Increases in grain-size exist at the top of MV-41, which may indicate short pulses of 
PNG-derived terrigenous sediment (Figure 2.3) (Bridge and Demicco, 2008, from Makse et al., 
1997).  
As relative sea-level slowly rose and stabilized at the beginning of the late Holocene, 
decreases in sediment accumulation rates on the upper slope (MV-46) are evident (Figures 2.2 
and 2.4).  However, calibrated 
14
C ages in MV-46 suggest that even after sea-level reached its 
current level, depocenter-steered sediments have continued to escape the shelf-edge and be 
deposited at MV-46 on the continental margin upper slope (Walsh and Nittrouer, 2003; 
Muhammad et al., 2008) (Figure 2.4).  The relative sea-level highstand, from ~8 kyr BP to 
present, is indicated in MV-46 by a plateauing of illite/smectite values, as well as by the upward 
increases in calcite content and Ca/Fe ratios in MV-46 (Figure 2.4).  This further reinforces the 
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existence of continued sediment conduit pathway activation amongst a secondary shelf reentrant 
as relative sea-level rose and plateaued during MWP-1B and the late Holocene. 
In addition, in both MV-41, between -2.5 and -1.5 m, and MV-46, between -5 and -3.8 m, 
there exist sharp MS peaks around 8.2 kyr BP.  These peaks might represent the 8,200 yr BP 
climate event, which is a brief, warming climatic event (Ellwood and Gose, 2006).  This event is 
significant, because it might provide evidence concerning the North Atlantic Deep Water 
response to modern freshening of ocean water due to glacial melting and, therefore, its influence 
on climate changes (Rohling and Pälike, 2005, Ellwood and Gose, 2006).  This event has been 
recorded as a concluding pulse of fresh glacial lake water into the Gulf of Mexico and the North 
Atlantic (Rohling and Pälike, 2005, Ellwood and Gose, 2006), and it is dated in the Greenland 
Ice Sheet Project 2 (GISP 2) ice core between 8.25 and 8.18 kyr BP (Alley et al., 1997).  This 
pulse in freshwater is likely due to a brief, warmer climatic time period that has been 
documented in Europe, North America, and the Atlantic, but not yet in the GoP area (Ellwood 
and Gose, 2006).   
A note of caution, due to this study’s high dependency on comparison of XRD clay 
mineralogy between the cores utilized here, and JPC 01, JPC 13, JPC 21, and JPC 48 (analyzed 
by Xu), it must be remembered that data with very low intensities (PSU data).  The qualitative 
comparison of the results (Figure 2.6) indicates the low intensity data may be used to see general 
geographic trends in clay mineralogy during the modern and recent past.  
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Figure 2.11.  Sediment transport pathways during the (A) B-A/MWP-1A, (B) YD, (C) MWP-
1B, and (D) modern sea-level conditions. 
 
2.5.8  Sediment Supply and Geomorphology 
 In order for sediment to have reached this area, and to build this shelf-edge depocenter 
during B-A and YD times, a large fluvial sediment flux would have been essential.  The Purari 
River has an estimated sediment discharge of 60-70 Mt/yr from a catchment of 29,588 km
2
 
(Slingerland et al., 2008a).  For the more proximally located Vailala and Lakekamu rivers, 
Digital Elevation Model (DEM) analysis was conducted to retrieve estimated basin areas and 
maximum elevations.  A basin area of 5,743 km
2
 and maximum elevation of 2,900 m were 
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utilized for the Vailala River, and a basin area of 12,403 km
2
 and maximum elevation of 2,800 m 
was used for the Lakekamu River.  If these two rivers’ sediment discharges are conservatively 
proportional to their respective basin sizes, although, it has the potential to be higher (Milliman 
and Syvitski, 1992), when the Purari River is compared to the Vailala and Lakekamu rivers, the 
Vailala River has a sediment discharge of approximately 18 Mt/yr, and the Lakekamu River has 
a sediment discharge of about 52 Mt/yr. 
 Based on subbottom data and DEM analysis, it is likely that this shelf-edge depocenter 
formed during the B-A and YD and is, on average, ~12 m thick and has an extent of about 1,500 
km
2
.  Based on a bulk density of 2.65 g/cm
3
 and average porosity of 0.7, this equates to about 
14,000 Mt, or approximately 200 yr of accumulation at 100% trapping efficiency, or ~800 yr at 
25% trapping efficiency.  Considering the time span for rapid sediment accumulation at the MV-
41 site, this represents a deposition time of 1,600 yr.  Therefore, the development of this deposit 
by sediment delivery from the Vailala and Lakekamu rivers during the early Holocene is 
plausible. 
2.6 Conclusions 
 Based on data from the nPT continental margin shelf-edge core, MV-41, and 
upper/middle slope cores, MV-46 and MV-49, it is evident that sediment transport and 
accumulation changes occur heterogeneously post-LGM.  Between the B-A, ~14.5-12.5 kyr BP, 
and the YD, ~12.5-11.5 kyr BP, off-shelf sediment was transported to and deposited at a point 
near the apex of the nPT continental margin shelf-break, forming a shelf-edge depocenter (MV-
41), with high kaolinite/chlorite values that are indicative of a local volcanic source, the 
Lakekamu River catchment.  This depocenter then aided in steering off-shelf flow west of these 
core locations, beginning in the YD.  The sediment flux comprising this shelf-edge deposit, 
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mainly from the nearby Lakekamu River, although there may have been input from the Vailala 
River, as indicated by times when illite/smectite values are higher (Figures 2.3 and 2.9).  This 
flux significantly decreased from MWP-1B times to the present due to shelf flooding.  During 
MWP-1B, and possibly earlier, sediment transport west of MV-41 was diverted off-shelf, due to 
an obstructing shelf-edge deposit at the MV-41 location, and traversed along the broad secondary 
shelf reentrant to the nPT continental margin upper/middle slope.  This transport has persisted 
nearly to the present, and has allowed for the development of a Holocene upper/middle slope 
sediment wedge (MV-46 and MV-49 locations) that is thicker than the coeval shelf-edge 
deposits (MV-41).  These deposits have intermediate illite/smectite values similar to the central 
GoP, which differ from the very low illite/smectite values at MV-41.  Such heterogeneous shifts 
in sedimentation patterns are likely due to complex interactions of shelf processes along the 
flooding GoP shelf, with variable flux in sedimentation and dynamic shelf morphology, rather 
than a response solely due to rising sea-level.  
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3.  ADDITIONAL SYNTHESIS AND FUTURE WORK 
 This study aids in better understanding mud transport along and within complex 
continental margin systems.  XRD identifies a continental margin shelf-edge depocenter (MV-
41) that is being fed by a sediment source very different from the upper and middle slope (MV-
46 and MV-49) amongst the nPT, GoP.   
Within this study, uncertainties arise in utilizing XRD data acquired by different 
diffractometers.  X-ray tubes decay over time, which affects mineral peak intensities.  Therefore, 
as seen in Figure 2.6, the peak intensities in the combined XRD pattern for JPC 01, JPC 13, JPC 
21, and JPC 48 (4 samples) are an order of magnitude lower than the peak intensities from MV-
41, MV-46, and MV-49 samples.  This project is a QR of XRD data and is ratio-based, but this 
difference in peak intensity magnitudes may be a source of error when comparing existing XRD 
QR data with QR data from MV-41, MV-46, and MV-49.   
Because there are several different aspects and processes associated with the GoP, it is 
difficult to determine if the illite/smectite gradation from west to east in the GoP is dependent on 
a river source or due to illitization during sediment transport.  An illitization-dependent 
hypothesis would require a strong, counterclockwise average transport of muddy sediments on 
the GoP shelf, a transport mechanism suggested by Milliman et al. (2006), but their conclusions 
are based solely on the transport mechanism, with no mention of illitization.  However, because 
there are a few core locations with XRD clay data that are located relatively close to different 
river mouths, a decreasing illite/smectite gradation from west to east in the GoP is still evident, 
suggesting a mineralogy-dependent on river source combined with shelf processes.  
Given that this study focuses on comparing continental margin shelf-edge and 
upper/middle slope deposits with inner to central continental shelf deposits (e.g., Slingerland et 
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al., 2008a; Xu, personal communication, 2013), it may be advantageous for a study to be 
conducted utilizing samples collected directly from PNG rivers/river mouths, potentially with the 
addition of rock samples collected from within river catchments.  Another study might include a 
more detailed provenance analysis of MV-41, MV-46, and MV-49, with the addition of a 
detailed analysis of more cores collected from along the GoP shelf.  With the addition of such 
proposed projects to this present study, a detailed source-to-sink patchwork/history might be 
developed, beginning at the rock source, then into the river, onto the continental shelf 
(Slingerland et al., 2008a data), shelf-edge, and out onto the slope, using data from this study and 
Febo et al. (2008), along with the addition of clay fraction XRD data from these cores, and 
finally into the deep-ocean basin, using the cores analyzed by Jorry et al. (2008), with the 
addition of clay fraction XRD data from these cores as well.  It should be possible to characterize 
regimes from both the modern and recent past.   
Another study could take this a step further and utilize the same XRD techniques 
presented here, applying them to ancient mudstones, such as the Eagle Ford, Marcellus, etc.  
Such a study might then make a direct link between the modern GoP analogue and 
unconventional shale plays being pursued by the petroleum industry.  Such a study would help in 
understanding the importance of clay-rich mud provenance, resulting in in clay alteration over 
time with deep burial, as well as hydrothermal alteration where present.  The ability to 
understand clay variability with provenance, weathering, burial, and other modes of alteration 
might provide a clearer history that may be useful when faced with unconventional shale plays. 
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APPENDIX A:  DELTA XRF LIMITS OF DETECTION 
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APPENDIX B:  THERMOMAGNETIC SUSCEPTIBILITY DATA 
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APPENDIX C:  X-RADIOGRAPHY 
 
 
X-radiographs from MV-41 (left), MV-46 (middle), and MV-49 (right).  Most X-radiographs (all 
three cores) exhibit apparently homogeneous muddy sediments (MV-46 and MV-49:  middle and 
right); however, a few show bioturbation, stratification, shell fragments, coarse wood debris, and 
changes in lithology (MV-41:  left). 
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APPENDIX D:  EXTENDED GRAIN-SIZE DATA 
       Core:  MV-41 
Core 
Depth (m) 
 Mean 
(μm) 
Skewness 
(μm) 
Median 
(μm) 
Mode 
(μm) 
Standard 
Deviation 
(μm) 
Mean/Median 
0.01 82.8 1.99 21.4 391 131 3.86 
0.15 20.6 1.7 10.5 9.37 24.2 1.97 
0.29 19.6 1.47 10.4 31.5 21.6 1.88 
0.51 17.7 1.84 8.11 8.54 22.3 2.18 
0.86 19.1 1.66 9.2 8.54 22.7 2.07 
1.03 82.1 2.02 11 8.54 152 7.48 
1.34 17.6 1.59 9.43 9.37 19.7 1.87 
1.7 18.4 1.42 10.1 31.5 19.9 1.83 
1.94 56.9 2.08 12.5 8.54 91.5 4.55 
2.06 32.3 2.23 12.3 9.37 45.6 2.62 
2.28 159 1.19 29.4 471 215 5.4 
2.94 19.4 1.4 11.3 31.5 20.2 1.71 
3.1 25.4 1.77 11.6 8.54 30.8 2.19 
3.53 20.8 3.58 10.7 31.5 30.1 1.94 
4.03 17.3 2.72 9.71 10.3 20.9 1.79 
4.63 15 1.84 8.33 8.54 16.7 1.8 
5.18 16.5 1.67 9.83 31.5 17.3 1.67 
5.6 17.1 2.26 9.16 9.37 20.3 1.87 
6.22 13.1 2.31 7.22 8.54 15.5 1.81 
6.74 15.7 2.22 8.48 8.54 18.2 1.85 
7.26 12.9 1.73 7.17 7.78 14.2 1.8 
7.86 14.8 1.88 8.37 9.37 16.4 1.76 
8.49 15.16 1.3 8.85 31.5 15.4 1.71 
9.04 16.1 1.51 8.99 31.5 17.2 1.79 
9.77 13 1.7 7.3 7.78 14.2 1.79 
10.38 13.1 1.98 7.14 7.78 15 1.83 
10.9 11.4 2.3 6.38 7.78 13.3 1.78 
11.44 22.9 2.52 8.17 7.78 34.8 2.8 
11.86 14.6 2 7.72 7.78 17 1.89 
12.46 10.6 1.69 6.27 7.08 11.3 1.69 
12.53 12.3 2.39 6.5 7.78 15.2 1.9 
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        Core:  MV-46 
Core 
Depth (m) 
Mean 
(μm) 
Skewness 
(μm) 
 Median 
(μm) 
 Mode 
(μm) 
Standard 
Deviation 
(μm) 
Mean/Median 
     0.01 13.5 1.81 4.56 2.31 17.9 2.97 
     0.29 21.5 2.2 5.78 2.31 30.5 3.72 
     0.62 12.6 3 3.96 2.31 20.2 3.18 
     0.98 13.9 1.94 4.59 2.31 18.8 3.03 
     1.46 57.7 1.83 10.7 269 86.8 5.37 
     1.7 19.7 2.62 5.73 2.31 29.3 3.43 
     2.58 16.5 2.52 4.99 2.31 24.4 3.31 
     3.1 14.7 1.55 5.74 2.31 17.8 2.57 
     3.62 17.4 2.23 6.32 2.31 23.2 2.75 
     4.39 22.7 1.09 13.4 38 23.4 1.7 
     4.66 25.5 2.04 12.8 38 30.8 1.98 
     5.38 23.4 1.89 12.1 38 27.1 1.93 
     6.22 15.5 1.75 6.43 2.54 18.8 2.41 
     6.98 20.7 2.53 7.42 38 28.3 2.79 
     7.78 13.3 2.09 5.6 3.06 17.1 2.38 
     8.43 17.3 2.32 6.53 3.06 23.1 2.65 
     8.98 17.2 2.13 6.1 3.06 23 2.82 
     9.58 14.1 1.74 5.63 2.79 17.4 2.5 
     10.38 12 1.89 5.31 2.79 14.9 2.26 
     10.9 12 2.39 4.85 3.06 16.5 2.48 
     11.42 11.2 1.75 5.12 3.36 13.5 2.2 
     12.46 10.8 1.79 5.4 4.878 12.6 1.99 
     12.98 10.5 2.59 5.04 4.878 14 2.09 
     13.26 9.45 1.88 4.93 4.878 11 1.92 
     13.8 11.6 2.17 5.33 4.878 14.9 2.18 
     14.29 11.4 2.68 5.15 4.878 15.8 2.22 
     14.4 12.2 2.06 5.58 4.878 15.4 2.19 
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    Core:  MV-49 
Core 
Depth (m) 
Mean 
(μm) 
Skewness 
(μm) 
Median 
(μm) 
 Mode 
(μm) 
Standard 
Deviation 
(μm) 
Mean/Median 
     0.01 13.6 2.53 4.17 2.31 20.8 3.26 
     0.4 14.7 2.64 4.38 2.54 22.6 3.35 
     0.86 12.3 2.3 5.61 4.88 16.1 2.19 
     1.19 17 2.65 6.91 5.35 23.5 2.46 
     1.58 22.2 1.86 9 38 27.5 2.47 
     1.78 22.7 1.73 8.99 34.6 28.1 2.52 
     2.18 17.1 1.73 6.62 5.88 22.7 2.59 
     2.3 17.3 1.76 6.59 5.88 23.1 2.62 
     2.7 19.7 1.48 7.14 66.4 24.9 2.75 
     2.94 23.1 1.16 8.18 66.4 27 2.83 
     3.46 26.8 1.07 10.8 72.9 29.9 2.47 
     3.74 32.1 2.29 9.38 2.79 47 3.42 
     4 41 1.63 12.4 72.9 53.3 3.31 
     4.5 12.8 1.6 5.97 3.69 14.9 2.15 
     5.03 18 3.07 7.13 5.88 26.6 2.52 
     5.44 13 1.52 6.62 5.88 14.4 1.96 
     5.94 21.1 1.86 7.62 3.06 27.3 2.77 
     6.53 17.6 1.46 7.14 2.79 20.9 2.46 
     6.86 18.3 2.49 6.41 2.79 25.8 2.86 
     7.26 13.1 1.49 5.96 3.06 15.1 2.2 
     7.78 18.4 1.98 6.75 3.06 24.1 2.72 
     8.42 11.3 1.71 5.81 5.88 12.9 1.94 
     8.7 15.3 3.12 6.37 5.88 22.5 2.4 
     9.34 8.68 1.45 5.3 5.88 8.66 1.64 
     9.61 13.5 1.62 6.68 6.45 15.5 2.02 
     10.01 13.1 1.84 6.36 5.88 15.7 2.06 
     10.47 10.4 1.77 5.41 5.35 11.9 1.92 
     10.74 23.1 2.23 8.92 5.35 30.8 2.59 
     11.06 15.1 1.71 6.89 6.45 18.3 2.19 
 
 
 
 
 
72 
 
APPENDIX E:  XRD CLAY MINERALOGY 
                              Core:  MV-41 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
    0.15 25.8 13.4 18.8 42 
    0.28 23.4 15.6 37.7 23.2 
    0.51 25.8 14.1 21.4 38.7 
    0.85 25.4 14.3 35.4 24.9 
    1.03 27.1 11.8 35.4 25.6 
    1.34 23.2 15.5 36.5 24.8 
    1.7 21.1 17.3 37.8 23.9 
    1.94 25.9 12.8 36.1 25.1 
    2.06 23.4 17.2 34.8 24.7 
    2.28 25.6 15 23.9 35.5 
    2.94 33.2 11.9 32 22.9 
    3.1 23.7 10.7 39.3 26.3 
    5.18 22.2 15.4 36.9 25.5 
    5.6 27.1 11.8 37 24 
    6.22 19.8 13.6 37.6 28.9 
    7.26 18.3 24.4 38 19.3 
    8.49 23.6 21 34 21.3 
    10.38 21 15 43.2 20.8 
    10.9 22.2 17.3 40.2 20.3 
    12.46 22.6 13 37.7 26.7 
    12.53 29.9 10.5 35.1 24.5 
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                              Core:  MV-46 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
    0.62 12.1 31.2 34.2 22.5 
    1.46 13 35.7 3 20.3 
    1.7 14.1 39 14.3 32.7 
    2.58 12.7 38.9 14.7 33.6 
    3.1 19 30.2 33.6 17.1 
    3.62 15 35 17.1 32.9 
    4.39 19 33.8 28.4 18.9 
    4.66 21.7 32 24.8 21.6 
    6.22 23.4 31.4 25.7 19.4 
    7.78 21.3 29.7 25.7 23.3 
    10.38 19.4 35 30 15.6 
    10.9 21.7 35.6 14.1 28.6 
    11.42 20.9 35.5 20.9 22.7 
    12.46 22.3 35.8 13.1 28.8 
    12.98 20.9 31.9 17 30.2 
    13.26 16.4 38.8 26.5 18.3 
    14.29 19.9 33.4 15.2 31.4 
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                               Core:  MV-49 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
     0.01 20.3 33.2 15.6 30.9 
     0.86 17 40.4 27.3 15.3 
     1.58 18.1 29.4 18.2 34.3 
     2.18 22.6 33 29.2 15.2 
     2.3 18.5 36.5 29.7 15.3 
     2.7 15.9 34.7 17.7 31.6 
     2.94 19.4 31.9 27.5 21.2 
     3.46 17.6 35.5 28.3 18.7 
     3.74 20.7 34 30.4 14.9 
     4 19.4 31.3 28.3 21.1 
     4.5 26.5 32.2 24.8 16.5 
     5.03 18.4 34.7 26.3 20.7 
     5.44 16.7 35 15.1 33.3 
     5.94 23.4 31.7 31.3 13.6 
     6.53 19.1 32 18.2 30.6 
     6.86 21.9 29.8 31.3 16.9 
     7.26 16.4 33.4 28.7 21.5 
     7.78 23.3 32.8 25.1 18.8 
     8.42 17 34.6 29 19.4 
     8.7 16.9 32.9 27.5 22.7 
     9.34 20.3 33.5 27 19.2 
     9.61 24.7 27.5 19.9 27.9 
     10.01 20 32.4 29.9 17.7 
     10.47 19 32.3 29.4 19.4 
     11.06 15.7 35.4 29 19.9 
 
 
                              Core:  JPC 01 (Xu, personal communication, 2013) 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
     0 10.9 35.6 21.6 31.9 
     4 8.87 39 15.7 36.5 
     7.5 9.22 45 17.4 28.4 
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                              Core:  JPC 13 (Xu, personal communication, 2013) 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
     0.0 6.99 51.3 13.1 28.7 
     2.0 12.5 46.3 17.4 23.8 
     4.0 18.1 36.2 15.1 30.7 
     5.5 25.2 37.4 11.9 25.5 
     6.5 19.2 31.2 12.1 37.4 
 
 
                              Core:  JPC 21 (Xu, personal communication, 2013) 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
     0.0 7.98 46.7 12.8 32.5 
     2.0 11.8 37.1 21.5 29.6 
     4.0 14 38.3 19.9 27.8 
     6.0 16.3 34.9 19.2 29.6 
     9.0 13.9 30.1 23.1 33 
 
 
                              Core:  JPC 48 (Xu, personal communication, 2013) 
Core 
Depth (m) 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
    0.0 8.59 48.5 12.9 30 
    3.0 8.07 46.4 17.9 27.6 
    5.5 17.3 36.5 14.6 31.6 
 
 
                              Surficial Shelf (Xu, personal communication, 2013) 
Sample 
Smectite  
(%) 
Illite 
(%) 
Kaolinite  
(%) 
Chlorite  
(%) 
   1171         13             49           13       25  
   2072         6             55           10       28  
   291         8             53           13       26  
   3127         17             41           12       30  
   3129         26             32           9       33  
   3147         9             50           13       28  
   3168         9             54           11       26  
   3621        10             51           13       26  
   3625        15             35           13       38  
   3627        13            39           12       36  
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Sample 
Smectite 
(%) 
Illite 
(%) 
Kaolinite 
(%) 
Chlorite 
(%) 
   BB30 9  50  12  29  
   GC19 7  52  10  31  
   GC31 9  51  11  29  
   GC41 9  51  11  29  
   TC14 12  47  12  28  
   TC15 17  43  14  26  
   TC43 9  52  12  28  
   3662 8  52  11  29  
   3601 12  46  13  29  
   3642 12  49  12  27  
   622 4  58  9  29  
   2053 15  42  13  30  
   JPC13 7  51  13  29  
   JPC21 8  47  13  33  
   3137 7  53  12  29  
   3635 9  50  13  27  
   CC5 10  46  18  26  
   EE5 12  43  15  30  
   GH25 15  41  13  31  
   JPC01 11  36  22  32  
   JPC36 7  53  16  24  
   JPC45 5  52  17  26  
   JPC48 9  48  13  30  
   JPC52 14  50  7  29  
   JPC54 10  47  14  29  
   T11- 20 8  51  11  30  
   T11-36 13  49  12  26  
   T13-20 9  41  13  37  
   T13-30 10  50  14  26  
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APPENDIX F:  XRD WHOLE SAMPLE MINERALOGY 
                   Core:  MV-41 
Core 
Depth (m) 
Total Clay 
(%) 
Quartz 
(%) 
K-Feldspar 
(%) 
Plagioclase 
(%) 
     0.15 46.7 36.4 8.71 8.13 
     0.29 47.6 45.5 -- 6.95 
     0.51 54.3 39.1 -- 6.67 
     0.86 44.3 48.4 -- 7.26 
     1.03 62.9 30.9 1.27 4.89 
     1.34 51.4 43 
 
5.58 
     1.7 44 44.2 5.45 6.34 
     1.94 59 35.8 -- 5.16 
     2.06* -- -- -- -- 
     2.28 50.6 43.5 -- 5.88 
     2.94 53.8 39.8 -- 6.34 
     3.1 47.6 46.1 -- 6.23 
     5.18 62.9 30.9 1.27 4.89 
     5.6 58.8 34 2.81 4.46 
     6.22 56.3 33.1 3.96 6.61 
     7.26 55 37.7 2.26 5.09 
     8.49 51.8 40.7 -- 7.45 
     10.38 56.1 37.6 -- 6.31 
     10.9 61.4 30.7 3.5 4.36 
     12.46 56.1 37.6 -- 6.31 
     12.53 18.5 72 -- 9.5 
                   *Not enough sample available to conduct bulk mineralogical analysis.  
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 Core:  MV-46 
Core 
Depth (m) 
Total Clay 
(%) 
Quartz 
(%) 
K-Feldspar 
(%) 
Plagioclase 
(%) 
Calcite 
(%) 
High Mg-
Calcite  
(%) 
Pyrite 
(%) 
    0.62 60.5 23.4 -- 4.14 8.59 3.39 -- 
    1.46 55.7 27.2 3.54 3.61 9.97 -- -- 
    1.7 49.9 29.9 -- 4.13 10.8 5.34 -- 
    2.58 53 25.6 -- 3.36 11.1 4.03 2.96 
    3.1 51 25.1 1.39 4.93 10.3 4.46 2.79 
    3.62 59.9 24.3 -- 4.12 8.08 3.67 -- 
    4.39 45.6 36 -- 5.8 8.34 4.19 -- 
    4.66 45.5 33.3 4.49 4.96 8.32 3.38 -- 
    6.22 50.8 33.2 4.1 6.88 5.02 -- -- 
    7.78 41.5 45 1.92 6.96 4.58 -- -- 
    10.38 63.1 29.4 -- 4.98 2.61 -- -- 
    10.9 64.5 26.1 2.31 3.68 3.35 -- -- 
    11.42 54.6 36.5 4.23 4.72 -- -- -- 
    12.46 82.3 4.43 -- 6.22 -- -- 7.04 
    12.98 65.5 29.6 -- 4.84 -- -- -- 
    13.26 58.6 33.6 2.49 5.34 -- -- -- 
    14.29 65.4 27.6 3.5 3.5 -- -- -- 
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          Core:  MV-49 
Core 
Depth (m) 
Total Clay 
(%) 
Quartz 
(%) 
K-Feldspar 
(%) 
Plagioclase 
(%) 
Calcite 
(%) 
Pyrite 
(%) 
    0.01 29.8 36.6 -- 5.68 23.5 4.48 
    0.86 58.7 34.5 2.63 4.19 -- -- 
    1.58 41.5 43 4.89 7.7 2.95 -- 
    2.18 55.4 36.4 3.34 4.85 -- -- 
    2.3 50.9 40.2 4.19 4.74 -- -- 
    2.7 52.6 40.7 -- 6.65 -- -- 
    2.94 51.2 39.2 -- 5.65 3.97 -- 
    3.46 50.7 41.1 -- 6.38 1.79 -- 
    3.74 48.4 33.6 4.63 6.57 3.07 3.7 
    4.0 53.5 35.9 5.32 5.2 -- -- 
    4.5 56.7 34.9 -- 6.32 2.03 -- 
    5.03 46.7 40.2 5.49 7.64 -- -- 
    5.44 51.3 38.3 3.48 6.88 -- -- 
    5.94 53 36.8 5.65 4.58 -- -- 
    6.53 52.2 38.5 -- 6.28 2.94 -- 
    6.86 53.8 39.7 
 
6.47 -- -- 
    7.26 49.3 37.4 4.01 5.86 3.48 -- 
    7.78 59.2 34.5 -- 3.44 2.8 -- 
    8.42 54.9 34.7 4.76 5.66 -- -- 
    8.7 64.1 31.4 -- 4.48 -- -- 
    9.34 55.8 38.6 -- 5.68 -- -- 
    9.61 55.9 35.6 1.51 6.94 -- -- 
    10.01 61.5 33.3 -- 5.19 -- -- 
    10.47 58.5 34.6 1.69 5.23 -- -- 
    11.06 55 38.8 2.26 3.93 -- -- 
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APPENDIX G:  XRF DATA 
     Core:  MV-41 Soil Mode 
Core 
Depth 
(m) 
Cl 
(cps) 
Cl 
+/- 
(cps) 
K 
(cps) 
K 
+/- 
(cps) 
Ca 
(cps) 
Ca 
+/- 
(cps) 
Ti 
(cps) 
Ti 
+/- 
(cps) 
V 
(cps) 
V +/- 
(cps) 
    0.01 -- -- 5540 87 7660 84 1910 25 40 2 
    0.15 474 65 6160 93 2190 45 2720 31 50 3 
    0.29 444 65 5500 89 1970 44 2620 31 53 3 
    0.51 359 60 4740 79 1270 36 2230 27 43 3 
    0.86 438 62 5560 86 1680 40 2600 29 54 3 
    1.03 757 68 5800 88 2120 44 2610 30 52 3 
    1.34 367 57 4730 76 1590 37 2270 26 46 3 
    1.7 500 56 3420 63 838 30 1790 22 34 2 
    1.94 407 53 4140 68 1450 34 1980 23 37 2 
    2.06 429 50 1720 45 547 26 999 16 23.5 1.8 
    2.28 419 66 5790 91 1370 38 2880 33 54 3 
    2.94 405 64 5710 90 1910 43 2700 31 52 3 
    3.1 410 58 4960 78 1750 39 2280 26 47 3 
    3.53 -- -- 5200 84 1420 38 2390 28 41 3 
    4.03 -- -- 5510 86 1640 40 2570 29 48 3 
    4.63 -- -- 6660 98 2640 49 2900 32 52 3 
    5.18 732 69 5780 89 2640 48 2610 30 49 3 
    5.6 685 64 5240 81 2090 42 2400 27 41 3 
    6.22 727 64 5120 80 2180 43 2300 26 39 2 
    6.74 -- -- 6560 96 2400 47 2780 31 46 3 
    7.26 590 66 5620 88 2140 44 2540 29 45 3 
    7.86 -- -- 7070 102 1980 44 2920 33 61 3 
    8.49 799 71 5930 91 2420 47 2680 31 48 3 
    9.04 -- -- 7860 112 2300 49 3290 37 62 3 
    9.77 -- -- 6570 96 2110 45 2900 32 52 3 
    10.38 712 65 5290 82 1840 40 2380 27 40 3 
    10.9 736 68 5750 88 1780 41 2590 29 47 3 
    11.44 -- -- 7060 102 2370 47 3090 34 58 3 
    11.86 -- -- 6380 93 1840 42 2740 31 48 3 
    12.46 636 66 5900 89 1930 42 2580 29 50 3 
    12.53 632 65 5590 86 1880 41 2530 29 43 3 
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    Core:  MV-41 Soil Mode Continued 
Core 
Depth 
(m) 
Cr 
(cps) 
Cr 
+/- 
(cps) 
Mn 
(cps) 
Mn 
+/- 
(cps) 
Fe 
(cps) 
Fe 
+/- 
(cps) 
Co 
(cps) 
Co 
+/- 
(cps) 
Cu 
(cps) 
Cu 
+/- 
(cps) 
    0.01 57 4 275 6 22000 86 8.5 0.5 12.3 1.6 
    0.15 74 4 306 6 22700 86 11.8 0.5 24.4 1.7 
    0.29 78 4 325 6 22200 87 8.7 0.5 27.2 1.8 
    0.51 54 4 296 6 24700 97 9.4 0.5 28 1.8 
    0.86 65 4 288 6 22800 85 10.9 0.5 31.6 1.8 
    1.03 67 4 348 6 22000 85 11.9 0.5 26.3 1.8 
    1.34 66 4 289 6 19700 75 10.3 0.4 28.5 1.7 
    1.7 50 4 269 5 18800 72 8.5 0.4 25.7 1.6 
    1.94 49 3 292 5 17600 66 9 0.4 35.8 1.7 
    2.06 44 3 217 5 14100 63 3.9 0.4 66 2 
    2.28 75 4 274 6 27200 102 12.3 0.5 25.3 1.8 
    2.94 63 4 262 6 24800 95 11 0.5 20.8 1.7 
    3.1 72 4 308 6 20200 76 9.1 0.4 27.1 1.7 
    3.53 55 4 298 6 23500 89 10.2 0.5 19.4 1.6 
    4.03 59 4 304 6 23400 89 10.9 0.5 23.1 1.7 
    4.63 59 4 357 7 22400 87 11.3 0.5 20 1.7 
    5.18 66 4 336 6 22500 86 11.7 0.5 22.6 1.7 
    5.6 59 4 293 6 19600 76 11.7 0.4 22.2 1.7 
    6.22 49 4 309 6 20400 77 9.8 0.4 22.3 1.6 
    6.74 67 4 352 6 22900 96 11 0.5 16.8 1.8 
    7.26 58 4 326 6 23200 89 11.1 0.5 22.8 1.7 
    7.86 77 5 362 7 25500 96 12.4 0.5 23.2 1.7 
    8.49 62 4 339 6 22200 93 11 0.5 17.3 1.8 
    9.04 69 5 364 7 25900 102 12.4 0.5 21.5 1.8 
    9.77 67 4 328 6 22900 89 11 0.5 16 1.6 
    10.38 52 4 280 6 19800 75 10.2 0.4 20.3 1.6 
    10.9 63 4 333 6 23400 88 11.5 0.5 33.4 1.8 
    11.44 70 4 352 7 24700 105 11.8 0.6 18.1 1.9 
    11.86 66 4 307 6 23300 97 10.5 0.5 18.5 1.8 
    12.46 68 4 317 6 22800 86 11.1 0.5 30.2 1.8 
    12.53 56 4 291 6 21100 80 10.2 0.4 23.3 1.7 
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    Core:  MV-41 Soil Mode Continued 
Core 
Depth 
(m) 
Zn 
(cps) 
Zn 
+/- 
(cps) 
As 
(cps) 
As 
+/- 
(cps) 
Rb 
(cps) 
Rb 
+/- 
(cps) 
Sr 
(cps) 
Sr 
+/- 
(cps) 
Y 
(cps) 
Y 
+/- 
(cps) 
     0.01 54 1.7 3.1 0.7 29.6 0.7 136 2 6.8 0.6 
     0.15 42.5 1.5 -- 2.1 34.7 0.7 62.1 1.3 10.7 0.7 
     0.29 43.5 1.5 2.5 0.7 31.1 0.7 54.2 1.2 8.2 0.6 
     0.51 43.2 1.6 3.9 0.7 29.8 0.7 46.1 1.2 5.6 0.6 
     0.86 47.7 1.5 3.4 0.7 35.9 0.7 56.6 1.2 8.7 0.7 
     1.03 48.3 1.6 -- 2.1 40.2 0.8 63.7 1.3 10.3 0.7 
     1.34 39.7 1.4 -- 2 32 0.7 54.7 1.1 7.5 0.6 
     1.7 36.2 1.3 3.3 0.7 24.2 0.6 37.4 0.9 4.7 0.5 
     1.94 37.2 1.3 -- 1.9 27.9 0.6 42.5 1 6.6 0.6 
     2.06 30.8 1.4 4.7 0.7 12.7 0.6 15.1 0.8 -- 1.4 
     2.28 44.4 1.5 2.8 0.7 37.3 0.8 66.5 1.3 8 0.7 
     2.94 39.5 1.5 3.6 0.7 34.6 0.7 70.5 1.4 7.6 0.7 
     3.1 37.8 1.4 2.9 0.7 31.6 0.7 59.9 1.2 6.9 0.6 
     3.53 48.3 1.5 3.1 0.7 32.7 0.7 59.3 1.3 7.4 0.6 
     4.03 52.9 1.6 2.7 0.7 36.7 0.7 66 1.3 9.4 0.7 
     4.63 51.5 1.6 2.5 0.7 39.3 0.8 70 1.4 11.5 0.7 
     5.18 42.5 1.5 -- 2.1 38.1 0.8 72.1 1.4 9.7 0.7 
     5.6 41.4 1.4 2.4 0.7 33.2 0.7 62.1 1.2 9 0.6 
     6.22 38.8 1.4 -- 2 33.9 0.7 56 1.2 7.2 0.6 
     6.74 53.7 1.8 -- -- 41 0.8 72.1 1.4 10 0.7 
     7.26 44.6 1.5 -- 2.1 35.1 0.7 60.5 1.3 8 0.7 
     7.86 54.4 1.6 2.5 0.7 40.4 0.8 68.3 1.4 10.4 0.7 
     8.49 41.1 1.6 -- 2.2 37.1 0.8 75.8 1.4 10.3 0.7 
     9.04 54.1 1.7 4.3 0.8 42.6 0.8 78.1 1.5 9.1 0.7 
     9.77 53.7 1.6 2.4 0.7 38.3 0.8 65.2 1.3 10.6 0.7 
     10.38 38.4 1.4 2 0.7 34.5 0.7 55.6 1.2 8 0.6 
     10.9 46.1 1.5 2.5 0.7 41 0.8 59.7 1.2 7.5 0.6 
     11.44 55.1 1.8 2.9 0.8 42.9 0.9 76.7 1.5 11.7 0.7 
     11.86 52.4 1.7 -- -- 39.6 0.8 67.9 1.3 9.9 0.7 
     12.46 44.9 1.5 2.6 0.7 39.3 0.8 65.4 1.3 8.6 0.7 
     12.53 45 1.5 -- 2 36 0.7 62.8 1.3 8 0.6 
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                                 Core:  MV-41 Soil Mode Continued 
Core 
Depth 
(m) 
Zr 
(cps) 
Zr 
+/- 
(cps) 
Ag 
(cps) 
Ag 
+/- 
(cps) 
Cd 
(cps)  
Cd 
+/- 
(cps) 
     0.01 62.8 1.6 12 3 12 4 
     0.15 91.8 1.7 -- 9 -- 11 
     0.29 79.2 1.6 -- 10 19 4 
     0.51 59.2 1.5 15 3 14 4 
     0.86 85.4 1.7 -- 9 19 4 
     1.03 95.1 1.7 -- 10 -- 11 
     1.34 76.7 1.5 -- 9 -- 11 
     1.7 52.9 1.3 -- 8 -- 10 
     1.94 60.5 1.3 -- 8 -- 10 
     2.06 17.1 1 11 3 -- 11 
     2.28 100 1.8 -- 10 -- 11 
     2.94 95 1.8 -- 9 13 4 
     3.1 81.6 1.5 -- 9 -- 10 
     3.53 76 1.6 -- -- -- -- 
     4.03 91.7 1.7 -- -- -- -- 
     4.63 96.7 1.8 -- -- -- -- 
     5.18 94.9 1.8 -- 9 12 4 
     5.6 88.8 1.6 -- 9 -- 11 
     6.22 78.3 1.5 -- 9 -- 11 
     6.74 103 1.8 -- -- -- -- 
     7.26 79.5 1.6 -- 9 -- 11 
     7.86 101 1.9 -- -- -- -- 
     8.49 102 1.9 -- 10 -- 12 
     9.04 107 2 -- -- -- -- 
     9.77 92.8 1.7 -- -- 13 4 
     10.38 79.9 1.5 -- 9 -- 11 
     10.9 83.7 1.6 -- 9 -- 11 
     11.44 106 1.9 -- -- -- -- 
     11.86 97.6 1.8 -- -- -- -- 
     12.46 85.4 1.6 -- 9 15 4 
     12.53 85.1 1.7 -- 9 -- 11 
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                                  Core:  MV-41 Soil Mode Continued 
Core 
Depth 
(m) 
Sb 
(cps) 
Sb 
+/- 
(cps) 
Pb 
(cps) 
Pb 
+/- 
(cps) 
Bi 
(cps) 
Bi +/- 
(cps) 
 0.01 -- -- 5.2 0.9 -- -- 
 0.15 -- 20 8.8 1 30 4 
 0.29 -- 19 9.4 1 14 4 
 0.51 30 6 7.4 1 -- 13 
 0.86 -- 19 10 1 14 4 
 1.03 -- 20 9.6 1 25 4 
 1.34 -- 18 9.1 0.9 16 4 
 1.7 -- 17 7.4 0.9 -- 12 
 1.94 18 6 10 0.9 15 4 
 2.06 -- 17 7.5 1 -- 13 
 2.28 -- 20 9.7 1 24 4 
 2.94 -- 19 7.7 1 -- 12 
 3.1 -- 18 7.4 0.9 13 4 
 3.53 -- -- 8.7 1 14 4 
 4.03 -- -- 9.8 1 21 4 
 4.63 21 7 8.3 1 23 4 
 5.18 20 7 9 1 20 4 
 5.6 -- 19 6.5 0.9 16 4 
 6.22 -- 18 9.2 0.9 15 4 
 6.74 23 7 9.4 1 24 4 
 7.26 -- 19 8 1 -- 12 
 7.86 -- -- 11 1 22 4 
 8.49 -- 21 8 1 27 4 
 9.04 -- -- 7.8 1 28 4 
 9.77 -- -- 9.6 1 22 4 
10.38 -- 19 6.8 0.9 16 4 
10.9 23 6 14 1 16 4 
11.44 -- -- 8.6 1.1 25 4 
11.86 -- -- 9.1 1 27 4 
12.46 -- 19 12.1 1 16 4 
12.53 20 6 9.8 1 20 4 
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 Core:  MV-41 Mining Mode 
Core 
Depth 
(m) 
Mg 
(cps) 
Mg 
+/- 
(cps) 
Al 
(cps) 
Al  
+/- 
(cps) 
Si 
(cps) 
Si  
+/- 
(cps) 
P  
(cps) 
P  
+/- 
(cps) 
S 
(cps) 
S  
+/- 
(cps) 
 0.01 -- -- 0.161 0.0356 1.11 0.0202 0.0418 0.0034 -- -- 
 0.15 -- 0.83 0.219 0.0311 1.03 0.0175 0.0153 0.0024 -- 0.0233 
 0.29 -- 0.86 0.245 0.0317 0.892 0.0167 0.0159 0.0025 -- 0.0225 
 0.51 0.91 0.3 0.166 0.031 0.82 0.0165 0.0275 0.0027 -- 0.0222 
 0.86 -- 0.81 0.127 0.0285 1.05 0.0173 0.0149 0.0023 -- 0.0223 
 1.03 0.87 0.25 0.219 0.029 0.962 0.0164 0.0201 0.0024 0.0137 0.0015 
 1.34 -- 0.8 0.175 0.029 0.98 0.0169 0.0171 0.0024 -- 0.0224 
 1.7 0.9 0.29 0.169 0.0295 0.711 0.0152 0.023 0.0026 -- 0.0218 
 1.94 -- 0.74 0.126 0.0259 0.712 0.0141 0.0173 0.0022 -- 0.0218 
 2.06 -- 1.18 0.172 0.0314 0.542 0.0148 0.0127 0.0027 -- 0.0224 
 2.28 -- 0.79 0.193 0.0286 0.69 0.0145 0.0147 0.0023 -- 0.0218 
 2.94 -- 0.82 0.2 0.0305 1.01 0.0175 0.0183 0.0025 -- 0.0224 
 3.1 -- 1.14 0.113 0.0268 0.869 0.0156 0.0171 0.0023 -- 0.022 
 3.53 -- -- 0.174 0.0319 1.11 0.0187 0.0409 0.0029 -- -- 
 4.03 -- -- 0.194 0.032 1.15 0.0189 0.0417 0.0029 -- -- 
 4.63 -- -- 0.221 0.0329 1.36 0.0203 0.036 0.0028 -- -- 
 5.18 0.82 0.25 0.166 0.028 0.913 0.016 0.0221 0.0024 0.0142 0.0015 
 5.6 -- 1.16 0.156 0.0279 0.882 0.0157 0.0157 0.0023 0.011 0.0015 
 6.22 -- 0.79 0.173 0.0284 0.934 0.0162 0.0152 0.0023 0.0115 0.0015 
 6.74 -- -- 0.235 0.0332 1.45 0.0209 0.0378 0.0029 -- -- 
 7.26 -- 1.19 0.18 0.0299 0.934 0.0168 0.0257 0.0026 -- 0.0226 
 7.86 -- -- 0.2 0.0331 1.41 0.0208 0.0266 0.0027 -- -- 
 8.49 -- 0.79 0.192 0.0292 0.954 0.0165 0.0198 0.0024 -- 0.0218 
 9.04 -- -- 0.188 0.0336 1.6 0.0222 0.0292 0.0028 -- -- 
 9.77 -- -- 0.172 0.0308 1.35 0.0197 0.0317 0.0027 -- -- 
10.38 -- 0.76 0.181 0.0278 0.985 0.0163 0.0194 0.0023 0.0111 0.0015 
10.9 -- 0.74 0.205 0.0288 0.933 0.0161 0.0205 0.0024 0.0112 0.0015 
11.44 -- -- 0.229 0.0328 1.6 0.0217 0.0327 0.0028 -- -- 
11.86 -- -- 0.199 0.0314 1.34 0.0198 0.0345 0.0027 -- -- 
12.46 -- 0.75 0.212 0.029 1.03 0.0168 0.0196 0.0024 0.0132 0.0015 
12.53 -- 1.14 0.203 0.0294 1.06 0.0173 0.0235 0.0024 0.0118 0.0015 
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   Core:  MV-41 Mining Mode Continued 
Core 
Depth 
(m) 
Cl 
(cps) 
Cl 
+/- 
(cps) 
K 
(cps) 
K 
+/- 
(cps) 
Ca 
(cps) 
Ca  
+/- 
(cps) 
Ti 
(cps) 
Ti  
+/- 
(cps) 
V  
(cps) 
V  
+/- 
(cps) 
 0.01 9.23 0.09 0.725 0.0052 1.06 0.0049 0.13 0.006 -- -- 
 0.15 8.2 0.08 0.675 0.0045 0.345 0.0028 0.162 0.0058 0.0108 0.0029 
 0.29 9.33 0.08 0.638 0.0046 0.348 0.0029 0.16 0.006 0.0162 0.0031 
 0.51 10.5 0.09 0.641 0.0048 0.295 0.0029 0.146 0.006 0.0134 0.0031 
 0.86 8.66 0.08 0.636 0.0044 0.308 0.0027 0.162 0.0058 -- 0.0269 
 1.03 8.64 0.08 0.683 0.0045 0.355 0.0028 0.163 0.0058 0.0161 0.0031 
 1.34 8.82 0.08 0.602 0.0043 0.325 0.0028 0.139 0.0056 0.0156 0.003 
 1.7 11 0.09 0.559 0.0046 0.291 0.0029 0.129 0.0057 -- 0.0264 
 1.94 8.77 0.07 0.51 0.0039 0.3 0.0025 0.131 0.0052 -- 0.0244 
 2.06 14 0.1 0.428 0.005 0.334 0.0035 0.082 0.0055 -- 0.0282 
 2.28 9.3 0.08 0.601 0.0043 0.261 0.0026 0.159 0.0059 0.0163 0.0031 
 2.94 9.78 0.08 0.679 0.0048 0.341 0.003 0.168 0.0062 0.0153 0.0032 
 3.1 8.75 0.08 0.573 0.0042 0.333 0.0027 0.134 0.0054 -- 0.0257 
 3.53 8.27 0.08 0.625 0.0045 0.291 0.0027 0.143 0.0057 0.0095 0.0029 
 4.03 7.6 0.08 0.632 0.0044 0.304 0.0027 0.147 0.0057 0.0161 0.003 
 4.63 7.47 0.08 0.719 0.0046 0.397 0.003 0.165 0.006 0.012 0.003 
 5.18 8.86 0.08 0.654 0.0044 0.393 0.0029 0.148 0.0056 0.0156 0.003 
 5.6 9.25 0.08 0.604 0.0042 0.352 0.0028 0.138 0.0054 0.0142 0.0029 
 6.22 9.04 0.08 0.598 0.0042 0.361 0.0028 0.128 0.0053 0.0187 0.003 
 6.74 7.19 0.08 0.718 0.0046 0.379 0.0029 0.178 0.0062 0.0107 0.003 
 7.26 9.76 0.08 0.653 0.0046 0.358 0.003 0.148 0.0058 0.0139 0.0031 
 7.86 7.53 0.08 0.754 0.0048 0.329 0.0029 0.166 0.006 0.0188 0.0032 
 8.49 9.61 0.08 0.656 0.0045 0.374 0.0029 0.153 0.0058 0.0163 0.0031 
 9.04 7.18 0.08 0.803 0.005 0.354 0.003 0.193 0.0065 0.0156 0.0033 
 9.77 7.72 0.08 0.696 0.0045 0.333 0.0028 0.169 0.006 -- -- 
10.38 8.95 0.08 0.599 0.0042 0.316 0.0026 0.139 0.0054 0.0145 0.0029 
10.9 8.96 0.08 0.685 0.0045 0.319 0.0027 0.15 0.0056 0.0157 0.003 
11.44 6.92 0.08 0.734 0.0046 0.356 0.0029 0.173 0.0061 0.0164 0.0032 
11.86 7.16 0.08 0.694 0.0045 0.318 0.0027 0.167 0.0059 0.0126 0.003 
12.46 8.99 0.08 0.682 0.0045 0.347 0.0028 0.151 0.0057 0.0196 0.0031 
12.53 8.98 0.08 0.657 0.0045 0.333 0.0028 0.153 0.0057 0.0131 0.003 
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Core:  MV-41 Mining Mode Continued 
Core 
Depth 
(m) 
Cr 
(cps) 
Cr  
+/- 
(cps) 
Mn 
(cps) 
Mn  
+/- 
(cps) 
Fe 
(cps) 
Fe  
+/- 
(cps) 
Co 
(cps) 
Co  
+/- 
(cps) 
Ni 
(cps) 
Ni  
+/- 
(cps) 
 0.01 0.005 0.002 0.032 0.0021 2.59 0.011 0.0143 0.0027 -- -- 
 0.15 0.006 0.002 0.029 0.0018 2.61 0.01 0.032 0.0026 -- 0.0085 
 0.29 0.007 0.002 0.033 0.002 2.53 0.01 0.0204 0.0026 -- 0.0084 
 0.51 -- 0.017 0.029 0.002 2.68 0.011 0.0189 0.0027 0.0017 0.0005 
 0.86 -- 0.016 0.028 0.0018 2.64 0.01 0.0258 0.0025 -- 0.0082 
 1.03 0.005 0.002 0.04 0.002 2.54 0.01 0.0314 0.0025 0.0019 0.0005 
 1.34 0.005 0.002 0.029 0.0019 2.43 0.01 0.0194 0.0024 0.0017 0.0005 
 1.7 -- 0.017 0.036 0.0021 2.48 0.011 -- 0.0442 -- 0.0082 
 1.94 0.004 0.001 0.033 0.0018 2.11 0.009 0.021 0.0022 -- 0.0077 
 2.06 -- 0.017 0.026 0.0021 1.77 0.01 -- 0.0416 0.0017 0.0005 
 2.28 -- 0.017 0.029 0.0019 2.97 0.011 0.0296 0.0027 -- 0.0088 
 2.94 -- 0.017 0.028 0.0019 2.83 0.011 0.0195 0.0027 0.0018 0.0005 
 3.1 0.006 0.002 0.028 0.0018 2.32 0.01 0.0208 0.0023 0.0015 0.0005 
 3.53 -- -- 0.03 0.0019 2.66 0.011 0.02 0.0026 -- -- 
 4.03 0.005 0.002 0.03 0.0019 2.7 0.011 0.0263 0.0026 0.0018 0.0005 
 4.63 0.005 0.002 0.035 0.002 2.61 0.01 0.0217 0.0026 0.0017 0.0005 
 5.18 -- 0.017 0.036 0.002 2.54 0.01 0.0269 0.0025 0.0025 0.0005 
 5.6 -- 0.015 0.027 0.0018 2.28 0.009 0.0289 0.0024 0.002 0.0005 
 6.22 -- 0.016 0.032 0.0019 2.33 0.01 0.0239 0.0024 -- 0.008 
 6.74 -- 0.016 0.036 0.002 2.66 0.011 0.0238 0.0026 0.0024 0.0005 
 7.26 -- 0.016 0.035 0.002 2.56 0.011 0.0241 0.0026 -- 0.0083 
 7.86 0.008 0.002 0.038 0.0021 2.91 0.011 0.0239 0.0027 0.0033 0.0006 
 8.49 0.005 0.002 0.037 0.002 2.54 0.01 0.0308 0.0026 -- 0.0085 
 9.04 0.007 0.002 0.039 0.0022 2.91 0.011 0.0257 0.0028 0.0025 0.0006 
 9.77 -- -- 0.036 0.002 2.63 0.01 0.0204 0.0025 0.0024 0.0005 
10.38 0.005 0.001 0.027 0.0018 2.27 0.009 0.0292 0.0024 -- 0.008 
10.9 -- 0.016 0.037 0.002 2.66 0.01 0.0228 0.0025 0.0019 0.0005 
11.44 0.006 0.002 0.036 0.002 2.77 0.011 0.0271 0.0027 0.003 0.0006 
11.86 0.005 0.002 0.035 0.002 2.7 0.011 0.0279 0.0026 0.0022 0.0005 
12.46 -- 0.016 0.034 0.0019 2.62 0.01 0.0329 0.0026 -- 0.0087 
12.53 -- 0.017 0.03 0.0019 2.43 0.01 0.0252 0.0025 -- 0.0081 
 
 
 
 
 
 
 
88 
 
  Core:  MV-41 Mining Mode Continued 
Core 
Depth 
(m) 
Cu 
(cps) 
Cu  
+/- 
(cps) 
Zn 
(cps) 
Zn  
+/- 
(cps) 
Zr 
(cps) 
Zr  
+/- 
(cps) 
Ag 
(cps) 
Ag 
+/-
(cps) 
Cd 
(cps) 
Cd  
+/- 
(cps) 
 0.01 0.002 0.0003 0.005 0.0003 0.0052 0.0001 -- -- -- -- 
 0.15 0.003 0.0003 0.004 0.0003 0.0068 0.0001 -- -- 0.0069 0.0005 
 0.29 0.003 0.0003 0.003 0.0003 0.006 0.0001 -- -- -- 0.0823 
 0.51 0.003 0.0003 0.004 0.0003 0.0051 0.0001 -- -- -- 0.081 
 0.86 0.004 0.0003 0.004 0.0003 0.0062 0.0001 -- -- -- 0.0788 
 1.03 0.003 0.0003 0.004 0.0003 0.0069 0.0001 -- -- 0.0088 0.0005 
 1.34 0.004 0.0003 0.003 0.0003 0.0062 0.0001 -- -- -- 0.0792 
 1.7 0.004 0.0003 0.003 0.0003 0.0034 0.0001 -- -- -- 0.0788 
 1.94 0.004 0.0003 0.003 0.0002 0.0046 0.0001 -- -- -- 0.075 
 2.06 0.007 0.0004 -- 0.0062 0.0021 0.0001 -- -- -- 0.0891 
 2.28 0.004 0.0003 0.004 0.0003 0.0077 0.0001 -- -- 0.0073 0.0005 
 2.94 0.003 0.0003 0.003 0.0003 0.0069 0.0001 -- -- -- 0.0818 
 3.1 0.003 0.0003 0.003 0.0003 0.006 0.0001 -- -- -- 0.0792 
 3.53 0.003 0.0003 0.004 0.0003 0.0055 0.0001 -- -- -- -- 
 4.03 0.003 0.0003 0.004 0.0003 0.007 0.0001 -- -- 0.0052 0.0005 
 4.63 0.002 0.0003 0.005 0.0003 0.0073 0.0001 -- -- 0.0103 0.0005 
 5.18 0.003 0.0003 0.004 0.0003 0.0073 0.0001 -- -- 0.0091 0.0005 
 5.6 0.003 0.0003 0.003 0.0002 0.0065 0.0001 -- -- 0.0071 0.0005 
 6.22 0.003 0.0003 0.004 0.0003 0.006 0.0001 -- -- 0.0036 0.0005 
 6.74 0.003 0.0003 0.004 0.0003 0.0079 0.0001 -- -- 0.0111 0.0005 
 7.26 0.003 0.0003 0.004 0.0003 0.0063 0.0001 -- -- -- 0.0817 
 7.86 0.003 0.0003 0.005 0.0003 0.0079 0.0002 -- -- 0.0074 0.0005 
 8.49 0.002 0.0003 0.004 0.0003 0.0073 0.0001 -- -- 0.0119 0.0005 
 9.04 0.003 0.0003 0.005 0.0003 0.0085 0.0002 -- -- 0.0132 0.0006 
 9.77 0.002 0.0003 0.005 0.0003 0.007 0.0001 -- -- 0.011 0.0005 
10.38 0.003 0.0003 0.003 0.0002 0.0062 0.0001 -- -- 0.0063 0.0005 
10.9 0.004 0.0003 0.004 0.0003 0.0065 0.0001 -- -- 0.0047 0.0005 
11.44 0.002 0.0003 0.005 0.0003 0.008 0.0001 0.011 0.001 0.0144 0.0006 
11.86 0.003 0.0003 0.004 0.0003 0.0075 0.0001 -- -- 0.0113 0.0005 
12.46 0.004 0.0003 0.004 0.0003 0.0068 0.0001 -- -- 0.0054 0.0005 
12.53 0.003 0.0003 0.003 0.0003 0.0067 0.0001 -- -- 0.0061 0.0005 
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 Core:  MV-41 Mining Mode Continued 
Core 
Depth 
(m) 
Sn 
(cps) 
Sn  
+/- 
(cps) 
Sb 
(cps) 
Sb  
+/- 
(cps) 
Pb 
(cps) 
Pb  
+/- 
(cps) 
Bi 
(cps) 
Bi  
+/- 
(cps) 
LE 
(cps) 
LE  
+/- 
(cps) 
 0.01 -- -- -- -- -- -- -- -- 83.9 0.43 
 0.15 0.007 0.0006 0.009 0.0008 -- 0.0004 -- 0.014 86 0.4 
 0.29 -- 0.111 -- 0.135 -- 0.0004 -- 0.015 85 0.41 
 0.51 -- 0.106 -- 0.129 -- 0.0004 -- 0.0156 83.8 0.42 
 0.86 -- 0.107 -- 0.129 -- 0.0004 -- 0.0141 85.6 0.4 
 1.03 0.008 0.0006 0.01 0.0008 -- 0.0004 -- 0.014 85.4 0.4 
 1.34 -- 0.105 -- 0.128 -- 0.0004 -- 0.0004 85.8 0.4 
 1.7 -- 0.102 -- 0.123 -- 0.0004 -- 0.0158 83.7 0.41 
 1.94 -- 0.101 -- 0.121 -- 0.0003 -- 0.014 86.7 0.38 
 2.06 -- 0.112 -- 0.137 0.0011 0.0002 -- 0.0185 82.7 0.45 
 2.28 0.006 0.0006 0.007 0.0008 -- 0.0004 -- 0.0004 85 0.41 
 2.94 -- 0.109 -- 0.131 -- 0.0004 -- 0.0153 84.3 0.42 
 3.1 -- 0.106 -- 0.13 -- 0.0004 -- 0.0141 86.8 0.4 
 3.53 -- -- -- -- -- -- -- 
 
86.6 0.41 
 4.03 -- -- -- -- -- -- 0.001 0.0001 87.1 0.41 
 4.63 0.01 0.0007 0.011 0.0008 -- 
 
-- -- 86.9 0.41 
 5.18 0.007 0.0006 0.010 0.0008 -- 0.0004 -- 0.014 85.4 0.4 
 5.6 0.007 0.0006 0.008 0.0008 -- 0.0004 -- 0.0144 86.2 0.39 
 6.22 0.005 0.0006 -- 0.131 -- 0.0004 -- 0.0139 85.7 0.39 
 6.74 0.012 0.0007 0.016 0.0009 -- 
 
-- -- 87 0.41 
 7.26 -- 0.11 -- 0.132 -- 0.0004 -- 0.0153 85.3 0.41 
 7.86 0.006 0.0007 0.007 0.0008 -- 
 
-- -- 85.7 0.41 
 8.49 0.013 0.0007 0.015 0.0008 -- 0.0004 0.001 0.0001 84.7 0.4 
 9.04 0.013 0.0007 0.017 0.0009 -- -- -- -- 86.6 0.43 
 9.77 0.012 0.0007 0.015 0.0008 -- -- -- -- 86.8 0.41 
10.38 0.007 0.0006 0.008 0.0008 -- 0.0004 -- 0.0142 85.7 0.39 
10.9 -- 0.107 -- 0.133 0.0011 0.0001 -- 0.0004 85.4 0.4 
11.44 0.016 0.0007 0.021 0.0009 -- -- 0.001 0.0001 87 0.41 
11.86 0.012 0.0007 0.016 0.0008 -- -- 0.0011 0.0001 87.2 0.41 
12.46 0.005 0.0006 -- 0.133 0.0011 0.0001 0.0011 0.0001 85.2 0.4 
12.53 0.006 0.0006 0.006 0.0008 -- 0.0004 -- 0.0142 86.1 0.4 
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 Core:  MV-46 Soil Mode 
Core 
Depth 
(m) 
S 
(cps) 
S  
+/- 
(cps) 
Cl 
(cps) 
Cl  
+/- 
(cps) 
K 
(cps) 
K  
+/- 
(cps) 
Ca 
(cps) 
Ca  
+/- 
(cps) 
Ti 
(cps) 
Ti  
+/- 
(cps) 
     0.01 -- -- -- -- 5320 80 13500 117 1740 22 
     0.29 -- -- -- -- 6590 98 18500 160 2120 27 
     0.62 -- 449 738 67 6190 91 16400 140 2020 25 
     0.98 -- -- -- -- 5590 85 13700 121 1830 23 
     1.46 -- 432 728 65 5890 88 16400 139 1920 24 
     1.7 -- 600 973 86 7740 118 23800 213 2630 33 
     2.58 -- 460 651 64 5750 87 19500 160 1830 24 
     3.1 -- 422 627 59 4650 74 17000 137 1670 21 
     3.62 -- 428 739 64 5140 80 16100 135 1790 23 
     4.39 507 167 751 67 5310 85 18300 154 1920 24 
     4.66 -- 479 728 66 5270 83 16100 138 1940 24 
     5.38 -- -- -- -- 6690 98 16200 144 2270 28 
     6.22 -- 456 617 67 6220 93 10100 102 2260 27 
     6.98 -- -- -- -- 6540 96 7690 85 2480 29 
     7.78 -- 430 623 65 5970 90 5310 67 2290 27 
     8.43 -- -- -- -- 6320 92 6370 74 2170 26 
     8.98 -- -- -- -- 5790 86 6150 72 2350 27 
     9.58 -- -- -- -- 6520 93 4720 63 2280 27 
     10.38 -- 374 672 58 4320 70 2990 47 1550 20 
     10.9 -- 420 581 64 6140 90 4370 60 2350 27 
     11.42 -- 403 614 61 5270 81 3570 53 2120 25 
     12.46 -- 411 933 68 5330 82 2510 45 2170 26 
     12.98 -- 426 545 63 5770 87 2620 47 2330 27 
     13.26 -- 473 770 75 6390 100 2630 51 2630 32 
     13.8 -- -- -- -- 5880 89 2540 47 2400 28 
     14.29 -- 430 666 68 6260 93 2720 49 2610 30 
     14.4 -- -- -- -- 7190 102 3160 53 2790 32 
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 Core:  MV-46 Soil Mode Continued 
Core 
Depth 
(m) 
V 
(cps) 
V  
+/- 
(cps) 
Cr 
(cps) 
Cr 
+/- 
(cps) 
Mn 
(cps) 
Mn 
+/- 
(cps) 
Fe 
(cps) 
Fe 
+/- 
(cps) 
Co 
(cps) 
Co 
+/- 
(cps) 
Cu 
(cps) 
Cu 
+/- 
(cps) 
     0.01 34 2 41 3 246 5 16000 69 7.3 0.4 11.7 1.6 
     0.29 46 3 55 4 297 6 19500 78 9.3 0.4 11.6 1.5 
     0.62 43 2 48 4 301 6 19000 75 9.6 0.4 19.9 1.6 
     0.98 35 2 53 4 285 6 17800 76 8.2 0.4 15.3 1.7 
     1.46 35 2 50 4 259 5 18000 71 8.8 0.4 15.4 1.5 
     1.7 52 3 85 5 342 7 24500 103 6.2 0.5 21.4 1.9 
     2.58 39 2 52 4 249 5 17100 69 8.9 0.4 19.4 1.6 
     3.1 28 2 43 3 203 5 14100 57 7 0.4 26.3 1.7 
     3.62 37 2 47 4 226 5 17200 68 8.6 0.4 20.6 1.6 
     4.39 35 2 57 4 227 5 17700 71 9 0.4 15 1.6 
     4.66 41 2 54 4 225 5 18300 73 9 0.4 14.1 1.6 
     5.38 47 3 68 4 261 6 21700 87 8.6 0.5 14.6 1.7 
     6.22 43 3 61 4 253 6 21800 85 9.9 0.5 18 1.7 
     6.98 51 3 64 4 274 6 19800 86 9.7 0.5 14 1.8 
     7.78 50 3 62 4 254 6 20700 80 10.7 0.5 18.4 1.6 
     8.43 48 3 57 4 251 5 19900 85 8.7 0.5 13.4 1.7 
     8.98 46 3 60 4 264 6 18700 80 9.1 0.5 10.7 1.7 
     9.58 46 3 60 4 273 6 20000 85 9.5 0.5 12.8 1.7 
     10.38 30 2 45 3 202 5 16000 62 7.7 0.4 23.4 1.6 
     10.9 48 3 55 4 263 6 21200 81 11.2 0.5 17.8 1.6 
     11.42 41 2 47 4 240 5 18000 69 8.7 0.4 21.2 1.6 
     12.46 44 2 54 4 251 5 21400 82 10.4 0.5 29.7 1.8 
     12.98 49 3 60 4 290 6 21600 82 10 0.5 13.1 1.5 
     13.26 50 3 79 5 302 6 23800 99 6.8 0.5 26.6 1.9 
     13.8 47 3 55 4 300 6 21400 91 10.3 0.5 12.5 1.7 
     14.29 50 3 61 4 293 6 22300 85 12 0.5 18.4 1.6 
     14.4 54 3 62 4 316 6 22600 97 10.4 0.5 14.8 1.8 
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 Core:  MV-46 Soil Mode Continued 
Core 
Depth 
(m) 
Zn 
(cps) 
Zn  
+/- 
(cps) 
As 
(cps) 
As 
+/- 
(cps) 
Rb 
(cps) 
Rb 
+/- 
(cps) 
Sr 
(cps) 
Sr 
+/- 
(cps) 
Y 
(cps) 
Y 
+/- 
(cps) 
Zr 
(cps) 
Zr 
+/- 
(cps) 
   0.01 42.6 1.5 -- -- 33.1 0.8 138 1.9 5.2 0.6 62.2 1.5 
   0.29 45.1 1.5 -- -- 37 0.8 159 2 6.1 0.6 65.4 1.7 
   0.62 41.8 1.4 -- 1.9 37.2 0.8 149 2 6.9 0.6 65.9 1.6 
   0.98 41.2 1.5 -- -- 32.9 0.8 141 2 5.8 0.6 60 1.5 
   1.46 39.8 1.4 -- 1.9 33 0.7 136 2 5.9 0.6 60.4 1.5 
   1.7 40 1.7 -- 2.2 33.6 0.8 146 2 6.8 0.7 58.3 1.7 
   2.58 40.2 1.4 -- 2 37.7 0.8 179 2 6.5 0.6 67.3 1.6 
   3.1 34.6 1.3 -- 1.8 30 0.7 151 2 6.1 0.6 57.7 1.4 
   3.62 37.2 1.4 2.1 0.7 33.1 0.7 151 2 4.6 0.6 55.4 1.5 
   4.39 37.8 1.4 -- 1.9 31.7 0.7 180 2 6.1 0.6 81.2 1.8 
   4.66 38.8 1.4 -- 2 34.7 0.7 174 2 6.5 0.6 78.4 1.7 
   5.38 48.4 1.6 -- -- 37.8 0.8 179 2 8.8 0.7 97.2 2 
   6.22 45.1 1.5 -- 2.1 37.9 0.8 118 1.9 6.8 0.7 72.4 1.7 
   6.98 45.7 1.7 -- -- 38.9 0.8 119 1.9 10.5 0.7 100 1.9 
   7.78 45.3 1.5 -- 2 42.1 0.8 92.7 1.6 8.4 0.7 86.3 1.7 
   8.43 46.4 1.6 -- -- 39.4 0.8 91.5 1.6 7.5 0.6 91.6 1.7 
   8.98 46.5 1.6 -- -- 37.1 0.8 78.2 1.4 8.2 0.6 85.2 1.6 
   9.58 46.5 1.6 -- -- 40.6 0.8 85.2 1.5 8.9 0.7 87.2 1.7 
   10.38 34.4 1.3 -- 1.9 28.9 0.6 49.7 1.1 4 0.5 46.5 1.2 
   10.9 46.1 1.5 -- 2 41 0.8 75.6 1.4 7.2 0.6 75.3 1.6 
   11.42 42.1 1.4 -- 1.9 34.2 0.7 58.7 1.2 5.1 0.6 65.5 1.4 
   12.46 45.7 1.5 -- 2 34.3 0.7 51.2 1.1 5.4 0.6 62.8 1.4 
   12.98 43.3 1.5 2.3 0.7 39.4 0.8 61.3 1.2 8.3 0.7 77.7 1.6 
   13.26 39.4 1.6 -- 2.2 30.5 0.8 45.9 1.2 4.7 0.6 55.2 1.5 
   13.8 54 1.8 2.7 0.8 42.3 0.9 75.5 1.4 9.1 0.7 88.4 1.7 
   14.29 44.5 1.5 -- 2 41.9 0.8 70.4 1.4 6.6 0.6 84.1 1.7 
   14.4 52.4 1.8 -- -- 44.2 0.9 75.5 1.4 8.6 0.7 93.8 1.8 
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Core:  MV-46 Soil Mode Continued 
Core 
Depth 
(m) 
Cd 
(cps) 
Cd 
+/- 
(cps) 
Sn 
(cps) 
Sn 
+/- 
(cps) 
Sb 
(cps) 
Sb 
+/- 
(cps) 
Pb 
(cps) 
Pb 
+/- 
(cps) 
Bi 
(cps) 
Bi 
+/- 
(cps) 
Th 
(cps) 
Th 
+/- 
(cps) 
   0.01 -- -- -- -- 21 6 7.3 0.9 17 4 -- -- 
   0.29 -- -- -- -- -- -- 5.9 0.9 -- -- -- -- 
   0.62 -- 11 -- 18 -- 19 7.1 0.9 20 4 -- -- 
   0.98 15 4 -- -- -- -- 7 0.9 31 4 -- -- 
   1.46 -- 11 -- 17 28 6 4.5 0.9 -- 12 -- -- 
   1.7 15 4 -- 19 -- 21 7.7 1.1 -- 13 -- -- 
   2.58 13 4 -- 17 -- 19 8.5 0.9 18 4 -- -- 
   3.1 -- 10 -- 17 -- 18 7.5 0.9 19 4 -- -- 
   3.62 18 3 -- 17 20 6 7.9 0.9 -- 12 -- -- 
   4.39 -- 11 -- 17 -- 19 5.9 0.9 -- 12 -- -- 
   4.66 12 4 -- 18 -- 19 6.8 0.9 16 4 -- -- 
   5.38 -- -- -- -- -- -- 7.4 1 14 4 -- -- 
   6.22 13 4 -- 18 -- 20 9.2 1 -- 12 -- -- 
   6.98 -- -- -- -- -- -- 7.8 1 21 4 -- -- 
   7.78 13 4 -- 18 -- 20 6.5 0.9 18 4 -- -- 
   8.43 -- -- -- -- 24 7 7.3 1 30 4 -- -- 
   8.98 -- -- -- -- -- -- 6.8 1 31 4 -- -- 
   9.58 13 4 -- -- -- -- 8.9 1 30 4 -- -- 
   10.38 15 3 -- 16 17 6 9.4 0.9 -- 11 -- -- 
   10.9 -- 11 -- 17 -- 19 6.7 0.9 14 4 -- -- 
   11.42 -- 10 17 6 23 6 8.8 0.9 18 4 -- -- 
   12.46 11 3 -- 16 -- 18 8.2 1 -- 12 -- -- 
   12.98 -- 11 -- 18 -- 19 6.1 0.9 19 4 -- -- 
   13.26 -- 12 -- 19 -- 20 8.1 1 -- 13 -- -- 
   13.8 -- -- -- -- 24 7 9.2 1 15 4 20 5 
   14.29 -- 11 -- 18 -- 20 7.3 0.9 23 4 -- -- 
   14.4 -- -- -- -- -- -- 8 1 24 4 -- -- 
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 Core:  MV-46 Mining Mode 
Core 
Depth 
(m) 
Mg 
(cps) 
Mg 
+/- 
(cps) 
Al 
(cps) 
Al  
+/- 
(cps) 
Si 
(cps) 
Si  
+/- 
(cps) 
P  
(cps) 
P  
+/- 
(cps) 
S  
(cps) 
S  
+/- 
(cps) 
 0.01 -- -- 0.199 0.0307 1.11 0.018 0.0325 0.0029 -- -- 
 0.29 -- -- 0.14 0.0316 1.2 0.0194 0.027 0.0031 -- -- 
 0.62 -- 1.06 0.232 0.0297 0.936 0.0163 0.0171 0.0027 0.0128 0.0015 
 0.98 -- -- 0.199 0.0307 1.11 0.018 0.0325 0.0029 -- -- 
 1.46 -- 0.79 0.167 0.0289 0.915 0.0162 0.0205 0.0027 -- 0.0215 
 1.7 -- 1.04 0.189 0.0352 1.12 0.02 0.0323 0.0035 0.0162 0.0019 
 2.58 -- 0.76 0.19 0.0294 0.844 0.0159 0.0224 0.0029 0.0123 0.0016 
 3.1 -- 1.08 0.13 0.0271 0.832 0.0153 0.0206 0.0027 -- 0.0215 
 3.62 -- 0.75 0.175 0.028 0.78 0.0151 0.0244 0.0027 0.0116 0.0015 
 4.39 -- 1.13 0.151 0.0286 0.888 0.0162 0.0225 0.0028 -- 0.0219 
 4.66 -- 1.05 0.205 0.0284 0.791 0.0151 0.019 0.0027 0.0114 0.0015 
 5.38 -- -- 0.14 0.0316 1.2 0.0194 0.027 0.0031 -- -- 
 6.22 0.96 0.28 0.121 0.0305 1.02 0.018 0.0222 0.0029 0.0122 0.0017 
 6.98 -- -- 0.185 0.0325 1.44 0.0209 0.0325 0.003 -- -- 
 7.78 -- 0.75 0.17 0.0286 0.914 0.0162 0.0189 0.0025 0.0109 0.0015 
 8.43 -- -- 0.211 0.0317 1.31 0.0196 0.0318 0.0028 -- -- 
 8.98 -- -- 0.175 0.0308 1.44 0.0203 0.0286 0.0028 -- -- 
 9.58 -- -- 0.17 0.0314 1.39 0.0201 0.0335 0.0028 -- -- 
10.38 1.12 0.25 0.166 0.0259 0.752 0.0141 0.0209 0.0022 -- 0.022 
10.9 -- 0.75 0.165 0.0284 0.934 0.0162 0.015 0.0024 0.0106 0.0015 
11.42 -- 1.15 0.154 0.0271 0.908 0.0156 0.02 0.0023 -- 0.0223 
12.46 -- 1.14 0.198 0.0274 0.858 0.0152 0.019 0.0023 0.0117 0.0014 
12.98 -- 0.73 0.133 0.027 0.854 0.0154 0.0142 0.0022 0.0151 0.0015 
13.26 -- 1.17 0.112 0.0332 1.15 0.02 0.0244 0.0029 0.0143 0.0019 
13.8 0.97 0.29 0.177 0.0315 1.38 0.0202 0.0336 0.0028 -- -- 
14.29 -- 0.75 0.18 0.029 1.03 0.017 0.0228 0.0025 0.0114 0.0015 
14.4 -- -- 0.18 0.0331 1.74 0.0228 0.0377 0.0029 -- -- 
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   Core:  MV-46 Mining Mode Continued 
Core 
Depth 
(m) 
Cl 
(cps) 
Cl 
+/- 
(cps) 
K 
(cps) 
K  
+/- 
(cps) 
Ca 
(cps) 
Ca  
+/- 
(cps) 
Ti 
(cps) 
Ti  
+/- 
(cps) 
V 
(cps) 
V  
+/- 
(cps) 
 0.01 6.62 0.08 0.626 0.004 1.58 0.005 0.107 0.0051 0.0114 0.0027 
 0.29 7.94 0.08 0.688 0.005 1.96 0.006 0.133 0.0058 0.0137 0.0031 
 0.62 8.33 0.08 0.664 0.004 1.81 0.0055 0.126 0.0054 0.0151 0.003 
 0.98 6.62 0.08 0.626 0.004 1.58 0.005 0.107 0.0051 0.0114 0.0027 
 1.46 8.98 0.08 0.625 0.004 1.75 0.0055 0.12 0.0054 -- 0.0246 
 1.7 10.8 0.1 0.904 0.006 2.79 0.0081 0.171 0.0072 0.0156 0.0038 
 2.58 8.51 0.08 0.647 0.004 2.16 0.0061 0.107 0.0052 0.0109 0.0029 
 3.1 8.4 0.07 0.553 0.004 1.91 0.0055 0.1 0.0049 0.0113 0.0028 
 3.62 8.93 0.08 0.582 0.004 1.84 0.0056 0.11 0.0052 0.0109 0.0028 
 4.39 9.35 0.08 0.575 0.004 1.9 0.0058 0.124 0.0056 0.0118 0.003 
 4.66 8.79 0.08 0.598 0.004 1.77 0.0055 0.115 0.0053 -- 0.0253 
 5.38 7.94 0.08 0.688 0.005 1.96 0.006 0.133 0.0058 0.0137 0.0031 
 6.22 9.34 0.09 0.761 0.005 1.31 0.0052 0.14 0.006 0.0096 0.0031 
 6.98 6.69 0.08 0.721 0.005 0.942 0.0042 0.146 0.0058 0.0165 0.0031 
 7.78 8.95 0.08 0.688 0.005 0.701 0.0037 0.147 0.0057 0.0092 0.0029 
 8.43 6.96 0.08 0.702 0.005 0.804 0.0039 0.137 0.0056 0.0184 0.0031 
 8.98 6.49 0.08 0.655 0.004 0.748 0.0037 0.146 0.0056 0.0192 0.0031 
 9.58 6.77 0.08 0.742 0.005 0.617 0.0035 0.124 0.0054 0.0175 0.003 
10.38 8.86 0.07 0.527 0.004 0.461 0.0029 0.0966 0.0047 -- 0.0221 
10.9 8.58 0.08 0.693 0.005 0.606 0.0035 0.135 0.0055 0.0115 0.0029 
11.42 8.86 0.07 0.609 0.004 0.487 0.0031 0.132 0.0053 0.0092 0.0027 
12.46 8.94 0.07 0.594 0.004 0.39 0.0028 0.125 0.0052 0.0106 0.0027 
12.98 8.84 0.08 0.65 0.004 0.406 0.0029 0.138 0.0054 0.015 0.0029 
13.26 11.6 0.1 0.865 0.006 0.489 0.0039 0.175 0.007 0.0134 0.0036 
13.8 7.08 0.08 0.706 0.005 0.41 0.003 0.142 0.0057 0.013 0.003 
14.29 8.66 0.08 0.706 0.005 0.419 0.003 0.155 0.0058 -- 0.0272 
14.4 6.79 0.08 0.8 0.005 0.475 0.0033 0.166 0.006 0.0153 0.0031 
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 Core:  MV-46 Mining Mode Continued 
Core 
Depth 
(m) 
Cr 
(cps) 
Cr 
+/- 
(cps) 
Mn 
(cps) 
Mn  
+/- 
(cps) 
Fe 
(cps) 
Fe  
+/- 
(cps) 
Co 
(cps) 
Co  
+/- 
(cps) 
Ni 
(cps) 
Ni  
+/- 
(cps) 
 0.01 -- -- 0.0253 0.0017 2.01 0.009 0.016 0.0022 0.0023 0.0005 
 0.29 -- -- 0.0352 0.0021 2.37 0.0105 0.017 0.0026 -- -- 
 0.62 -- 0.016 0.0325 0.0019 2.27 0.0097 0.022 0.0024 0.0023 0.0005 
 0.98 -- -- 0.0253 0.0017 2.01 0.009 0.016 0.0022 0.0023 0.0005 
 1.46 0.0051 0.002 0.0279 0.0019 2.07 0.0094 0.021 0.0023 0.0015 0.0005 
 1.7 -- 0.021 0.0333 0.0024 2.85 0.013 -- 0.0526 0.0032 0.0006 
 2.58 -- 0.016 0.0245 0.0018 2.1 0.0095 0.019 0.0024 0.0028 0.0005 
 3.1 0.005 0.002 0.0212 0.0016 1.75 0.0084 0.02 0.0021 -- 0.0077 
 3.62 -- 0.016 0.0244 0.0018 2.05 0.0093 0.022 0.0023 -- 0.0081 
 4.39 -- 0.016 0.0244 0.0018 2.08 0.0097 0.019 0.0024 -- 0.0082 
 4.66 0.0048 0.002 0.0252 0.0018 2.18 0.0096 0.023 0.0024 0.0026 0.0005 
 5.38 -- -- 0.0352 0.0021 2.37 0.0105 0.017 0.0026 -- -- 
 6.22 0.0057 0.002 0.0282 0.002 2.64 0.0112 0.021 0.0027 0.0033 0.0006 
 6.98 0.005 0.002 0.0302 0.0019 2.42 0.0102 0.02 0.0025 0.0033 0.0005 
 7.78 -- 0.016 0.0301 0.0019 2.41 0.01 0.027 0.0025 0.0021 0.0005 
 8.43 0.0051 0.002 0.03 0.0019 2.4 0.0099 0.021 0.0024 0.0026 0.0005 
 8.98 0.0062 0.002 0.0267 0.0018 2.27 0.0095 0.024 0.0023 0.0023 0.0005 
 9.58 0.0059 0.002 0.029 0.0019 2.4 0.0099 0.024 0.0024 0.0022 0.0005 
10.38 -- 0.015 0.0176 0.0015 1.87 0.0083 0.02 0.0021 0.0014 0.0004 
10.9 0.0045 0.002 0.0269 0.0018 2.44 0.0099 0.019 0.0024 0.0029 0.0005 
11.42 0.0052 0.002 0.0245 0.0017 2.19 0.0092 0.022 0.0023 -- 0.0078 
12.46 -- 0.015 0.0266 0.0017 2.11 0.009 0.023 0.0022 0.0017 0.0005 
12.98 -- 0.016 0.031 0.0019 2.45 0.0098 0.024 0.0024 0.002 0.0005 
13.26 0.0062 0.002 0.0302 0.0022 3.08 0.0131 -- 0.054 0.003 0.0006 
13.8 0.005 0.002 0.032 0.0019 2.52 0.0102 0.025 0.0025 0.003 0.0005 
14.29 0.0046 0.002 0.029 0.0019 2.55 0.0102 0.027 0.0025 0.0017 0.0005 
14.4 0.0049 0.002 0.0313 0.0019 2.58 0.0104 0.025 0.0026 0.0033 0.0006 
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 Core:  MV-46 Mining Mode Continued 
Core 
Depth 
(m) 
Cu 
(cps) 
Cu  
+/- 
(cps) 
Zn 
(cps) 
Zn  
+/- 
(cps) 
Zr 
(cps) 
Zr  
+/- 
(cps) 
Ag 
(cps) 
Ag 
+/- 
(cps) 
Cd 
(cps) 
Cd  
+/- 
(cps) 
 0.01 0.002 0.0003 0.0038 0.0003 0.0056 0.0001 -- -- 0.0064 0.0005 
 0.29 0.002 0.0003 0.0039 0.0003 0.0063 0.0001 -- -- -- -- 
 0.62 0.003 0.0003 0.0035 0.0003 0.0064 0.0001 -- -- 0.0076 0.0005 
 0.98 0.002 0.0003 0.0038 0.0003 0.0056 0.0001 -- -- 0.0064 0.0005 
 1.46 0.002 0.0003 0.0029 0.0002 0.0055 0.0001 -- -- 0.0045 0.0005 
 1.7 0.003 0.0003 0.0041 0.0003 0.0055 0.0002 -- -- -- 0.0961 
 2.58 0.003 0.0003 0.003 0.0003 0.0068 0.0001 -- -- 0.0058 0.0005 
 3.1 0.004 0.0003 0.0028 0.0002 0.0053 0.0001 -- -- 0.0035 0.0005 
 3.62 0.004 0.0003 0.0028 0.0002 0.0058 0.0001 -- -- -- 0.0811 
 4.39 0.003 0.0003 0.0029 0.0003 0.0074 0.0001 -- -- 0.0051 0.0005 
 4.66 0.002 0.0003 0.0028 0.0002 0.0072 0.0001 -- -- 0.0063 0.0005 
 5.38 0.002 0.0003 0.0039 0.0003 0.0063 0.0001 -- -- -- -- 
 6.22 0.003 0.0003 0.0039 0.0003 0.0064 0.0001 -- -- 0.004 0.0006 
 6.98 0.002 0.0003 0.0042 0.0003 0.0082 0.0001 -- -- 0.0122 0.0006 
 7.78 0.003 0.0003 0.0031 0.0003 0.0068 0.0001 -- -- 0.0067 0.0005 
 8.43 0.002 0.0003 0.0042 0.0003 0.0071 0.0001 -- -- 0.0124 0.0006 
 8.98 0.002 0.0003 0.0035 0.0003 0.0065 0.0001 -- -- 0.0109 0.0005 
 9.58 0.002 0.0003 0.0039 0.0003 0.0068 0.0001 -- -- 0.0115 0.0005 
10.38 0.003 0.0003 0.0027 0.0002 0.0037 0.0001 -- -- -- 0.0756 
10.9 0.002 0.0003 0.0033 0.0003 0.0064 0.0001 -- -- 0.0057 0.0005 
11.42 0.003 0.0003 0.0033 0.0002 0.0053 0.0001 -- -- 0.0046 0.0005 
12.46 0.003 0.0003 0.0031 0.0002 0.0049 0.0001 -- -- -- 0.078 
12.98 0.002 0.0003 0.0034 0.0003 0.0061 0.0001 -- -- 0.0063 0.0005 
13.26 0.003 0.0003 0.0041 0.0003 0.0043 0.0001 -- -- -- 0.09 
13.8 0.002 0.0003 0.0053 0.0003 0.007 0.0001 -- -- 0.0131 0.0006 
14.29 0.002 0.0003 0.0031 0.0003 0.0067 0.0001 -- -- 0.0067 0.0005 
14.4 0.002 0.0003 0.0048 0.0003 0.0075 0.0001 0.01 0.001 0.0142 0.0006 
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       Core:  MV-46 Mining Mode Continued 
Core 
Depth 
(m) 
Sn 
(cps) 
Sn  
+/- 
(cps) 
Sb 
(cps) 
Sb  
+/- 
(cps) 
Bi 
(cps) 
Bi  
+/- 
(cps) 
LE 
(cps) 
LE  
+/- 
(cps) 
   0.01 0.007 0.0006 -- 0.133 -- -- 87 0.39 
   0.29 -- -- -- -- -- -- 85.5 0.42 
   0.62 0.0053 0.0006 0.0068 0.0008 -- 0.0141 85.5 0.4 
   0.98 0.007 0.0006 -- 0.133 -- -- 87 0.39 
   1.46 0.0054 0.0006 -- 0.136 -- 0.015 84.6 0.39 
   1.7 -- 0.13 -- 0.16 -- 0.0176 81.1 0.46 
   2.58 0.0044 0.0006 -- 0.139 -- 0.0147 84.8 0.4 
   3.1 -- 0.1098 -- 0.133 -- 0.0138 86.2 0.38 
   3.62 -- 0.1086 -- 0.13 -- 0.0147 84.8 0.39 
   4.39 0.006 0.0006 -- 0.14 -- 0.0147 84.8 0.41 
   4.66 0.0048 0.0006 0.0066 0.0008 -- 0.014 85.4 0.4 
   5.38 -- -- -- -- -- -- 85.5 0.42 
   6.22 -- 0.117 -- 0.141 0.001 0.0001 83.6 0.42 
   6.98 0.0116 0.0007 0.0154 0.0009 -- -- 87.3 0.41 
   7.78 0.0065 0.0006 0.0066 0.0008 -- 0.0144 85.3 0.4 
   8.43 0.0118 0.0007 0.0162 0.0008 -- -- 87.3 0.41 
   8.98 0.0118 0.0007 0.0125 0.0008 -- -- 87.1 0.39 
   9.58 0.0127 0.0007 0.0159 0.0008 -- -- 87.6 0.4 
  10.38 -- 0.103 -- 0.124 -- 0.0131 86.1 0.37 
  10.9 0.0051 0.0006 -- 0.134 -- 0.0004 85.7 0.4 
  11.42 0.0045 0.0006 -- 0.132 -- 0.0143 86.6 0.39 
  12.46 -- 0.107 -- 0.13 -- 0.0138 86.7 0.39 
  12.98 0.0053 0.0006 0.0062 0.0008 -- 0.0144 85.9 0.4 
  13.26 -- 0.116 -- 0.142 -- 0.0164 82.4 0.46 
  13.8 0.0138 0.0007 0.0191 0.0009 0.0012 0.0001 86.5 0.41 
  14.29 0.0067 0.0006 0.0069 0.0008 -- 0.0143 85.6 0.4 
  14.4 0.0143 0.0007 0.0211 0.0009 -- -- 87.1 0.42 
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       Core:  MV-49 Soil Mode 
Core 
Depth 
(m) 
Cl 
(cps) 
Cl 
+/- 
(cps) 
K 
(cps) 
K 
+/- 
(cps) 
Ca 
(cps) 
Ca 
+/- 
(cps) 
Ti 
(cps) 
Ti  
+/- 
(cps) 
V 
(cps) 
V  
+/- 
(cps) 
   0.01 683 71 6140 95 33100 258 1830 25 40 2 
   0.4 -- -- 6900 100 29100 227 1900 25 45 3 
   0.86 513 65 6560 96 5360 69 2480 29 51 3 
   1.19 -- -- 6970 100 2490 48 2680 31 57 3 
   1.58 722 72 6370 98 7120 84 2370 29 54 3 
   1.78 -- -- 6560 95 4640 63 2580 30 49 3 
   2.18 411 52 4430 69 1280 33 1940 22 41 2 
   2.3 330 54 4780 75 1590 37 2070 24 42 2 
   2.7 350 57 5160 80 2430 44 2260 26 35 2 
   2.94 442 59 5270 82 3610 54 2140 26 39 2 
   3.46 331 59 5460 85 4000 58 2280 27 46 3 
   3.74 531 66 6130 93 7060 81 2390 28 44 3 
   4.0 295 58 5800 87 3200 51 2320 27 45 3 
   4.5 718 61 4790 75 3300 50 1990 24 40 2 
   5.03 458 59 4810 77 2340 43 2210 26 45 2 
   5.44 520 64 5420 86 2120 44 2450 29 40 3 
   5.94 326 59 5690 87 5270 67 2280 27 51 3 
   6.53 572 61 5250 81 4930 63 2080 25 41 2 
   6.86 513 65 5930 91 5350 69 2350 28 47 3 
   7.26 593 60 5150 79 4120 56 2040 24 35 2 
   7.78 551 66 6550 96 5580 71 2470 29 42 3 
   8.42 645 62 4910 77 2260 43 2220 26 39 2 
   8.7 405 62 5890 89 2580 47 2390 28 46 3 
   9.34 637 66 5860 89 2920 50 2530 29 50 3 
   9.61 726 66 5520 85 2310 45 2320 27 45 3 
  10.01 533 66 6180 92 2740 49 2570 30 48 3 
  10.47 636 58 4280 70 1690 37 1920 23 36 2 
  10.74 -- -- 6160 92 2160 44 2450 29 53 3 
  11.06 622 61 4890 77 2390 44 2060 24 38 2 
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Core:  MV-49 Soil Mode Continued 
Core 
Depth 
(m) 
Cr 
(cps) 
Cr 
+/- 
(cps) 
Mn 
(cps) 
Mn 
+/- 
(cps) 
Fe 
(cps) 
Fe 
+/- 
(cps) 
Co 
(cps) 
Co 
+/- 
(cps) 
Cu 
(cps) 
Cu 
+/- 
(cps) 
Zn 
(cps) 
Zn 
+/- 
(cps) 
 0.01 51 4 288 6 18000 74 8.3 0.4 13.2 1.6 41.4 1.5 
 0.4 52 4 306 6 18400 76 9 0.4 14.1 1.7 47.4 1.6 
 0.86 67 4 318 6 22300 87 11.8 0.5 19 1.7 45.4 1.5 
 1.19 67 4 307 6 24100 103 10.7 0.5 20.2 1.9 55.7 1.9 
 1.58 64 4 320 6 24300 97 8.4 0.5 17.5 1.7 42.6 1.6 
 1.78 57 4 282 6 22100 93 11.1 0.5 12.4 1.7 49.6 1.7 
 2.18 42 3 265 5 16700 63 9.2 0.4 22.4 1.5 38.7 1.3 
 2.3 58 4 276 5 17900 69 8.9 0.4 22 1.6 38.8 1.3 
 2.7 60 4 295 6 19600 80 9 0.5 15.9 1.7 39.5 1.5 
 2.94 53 4 266 5 20000 76 9.5 0.4 22.3 1.6 42.7 1.4 
 3.46 60 4 283 6 20900 80 10.1 0.4 19.8 1.6 42.5 1.5 
 3.74 61 4 296 6 21600 84 10.3 0.5 18.2 1.6 43.9 1.5 
 4 62 4 279 6 21000 80 10.2 0.4 18.7 1.6 45.2 1.5 
 4.5 46 4 225 5 17500 67 9 0.4 25.6 1.6 37.5 1.3 
 5.03 50 4 275 5 19200 73 10.3 0.4 14.9 1.5 40.9 1.4 
 5.44 52 4 284 6 24500 93 12 0.5 20.6 1.7 43.6 1.5 
 5.94 52 4 270 6 20700 80 10.8 0.4 17.4 1.6 40 1.4 
 6.53 58 4 259 5 18300 77 8.8 0.4 20 1.7 40 1.5 
 6.86 64 4 300 6 22100 86 10.5 0.5 14.7 1.6 42.6 1.5 
 7.26 59 4 234 5 18400 71 9.4 0.4 22.5 1.6 41.1 1.4 
 7.78 60 4 282 6 22400 87 11.4 0.5 21.4 1.7 44.2 1.5 
 8.42 61 4 260 5 19200 73 10.1 0.4 24.5 1.6 40.9 1.4 
 8.7 72 4 314 6 23500 89 11.4 0.5 15.7 1.6 46.8 1.5 
 9.34 62 4 315 6 22100 85 10.7 0.5 13.6 1.6 43 1.5 
 9.61 61 4 278 6 21600 82 11.6 0.5 15.3 1.5 43.5 1.5 
10.01 59 4 322 6 22800 88 10.8 0.5 17.9 1.7 45.5 1.5 
10.47 55 4 231 5 18500 70 9.6 0.4 51 2 42.3 1.4 
10.74 70 4 326 6 24200 101 11.6 0.5 16.3 1.8 50.6 1.7 
11.06 47 4 269 5 18600 71 10.5 0.4 23.3 1.6 37.4 1.3 
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  Core:  MV-49 Soil Mode Continued 
Core 
Depth 
(m) 
As 
(cps) 
As 
+/- 
(cps) 
Rb 
(cps) 
Rb 
+/- 
(cps) 
Sr 
(cps) 
Sr 
+/- 
(cps) 
Y 
(cps) 
Y 
+/- 
(cps) 
Zr 
(cps) 
Zr 
+/- 
(cps) 
Ag 
(cps) 
Ag 
+/- 
(cps) 
 0.01 -- 2 35 0.8 284 3 6 0.6 61.9 1.8 -- 10 
 0.4 -- -- 39.6 0.8 269 3 8.5 0.7 68 1.8 -- -- 
 0.86 2.7 0.7 41.9 0.8 96.4 1.6 10.4 0.7 90.7 1.8 -- 10 
 1.19 -- -- 46.9 0.9 76.1 1.4 9.1 0.7 99.4 1.8 -- -- 
 1.58 2.9 0.7 34.2 0.8 81.2 1.6 6.3 0.7 62.2 1.6 11 3 
 1.78 -- -- 44 0.9 85.1 1.5 9.1 0.7 101 1.9 -- -- 
 2.18 -- 1.9 27.9 0.6 41.6 1 4 0.5 58.1 1.3 -- 8 
 2.3 -- 1.9 33.4 0.7 54.7 1.1 6.5 0.6 75.2 1.5 -- 9 
 2.7 -- 2.1 32.6 0.7 70.8 1.3 8.9 0.6 82.3 1.6 -- 9 
 2.94 -- 2 36 0.7 72.1 1.3 7.2 0.6 73.7 1.5 -- 9 
 3.46 -- 2 36.7 0.7 84.7 1.5 8.3 0.6 82.4 1.6 -- 9 
 3.74 -- 2 37.8 0.8 102 1.7 7.9 0.7 85.2 1.7 -- 10 
 4 -- 2 36.1 0.7 75.1 1.4 8.1 0.6 86.6 1.7 -- 9 
 4.5 -- 2 32.6 0.7 65.2 1.2 6.9 0.6 65.7 1.4 -- 9 
 5.03 2.2 0.7 35 0.7 64.8 1.2 7.7 0.6 77.7 1.5 -- 9 
 5.44 3.4 0.7 34.6 0.7 66.9 1.4 6.2 0.6 77.7 1.6 -- 9 
 5.94 -- 2 36.1 0.7 86.5 1.5 7.2 0.6 84.4 1.6 -- 9 
 6.53 -- 2.1 34.4 0.8 86.6 1.5 7.5 0.6 81.4 1.6 -- 9 
 6.86 -- 2.1 41 0.8 99.6 1.7 9.1 0.7 89.3 1.8 -- 10 
 7.26 -- 2 34.9 0.7 74 1.3 6.3 0.6 71.9 1.5 -- 9 
 7.78 -- 2.1 39.4 0.8 85.1 1.6 7.5 0.7 81.3 1.7 -- 10 
 8.42 -- 2 33.4 0.7 57.9 1.2 5.9 0.6 73.3 1.5 -- 9 
 8.7 2.6 0.7 40 0.8 61.6 1.3 8 0.7 79.6 1.6 -- 9 
 9.34 -- 2.1 39.3 0.8 69.4 1.3 7.4 0.6 89.4 1.7 -- 10 
 9.61 -- 2 36.3 0.7 61.4 1.3 5.7 0.6 72.1 1.6 9 3 
10.01 -- 2.1 40.1 0.8 68.8 1.3 8.4 0.7 92 1.7 -- 10 
10.47 -- 2.2 31.7 0.7 44.8 1 5.1 0.5 53.7 1.3 9 3 
10.74 3.1 0.8 39.2 0.8 73.8 1.4 8.4 0.7 103 1.9 -- -- 
11.06 -- 2 34.1 0.7 58 1.2 6.1 0.6 68.8 1.4 -- 9 
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 Core:  MV-49 Soil Mode Continued 
Core 
Depth 
(m) 
Cd 
(cps) 
Cd 
+/- 
(cps) 
Sn 
(cps) 
Sn 
+/- 
(cps) 
Sb 
(cps) 
Sb 
+/- 
(cps) 
Pb 
(cps) 
Pb 
+/- 
(cps) 
Bi 
(cps) 
Bi 
+/- 
(cps) 
Th 
(cps) 
Th 
+/- 
(cps) 
  0.01 14 4 -- -- 22 7 5.6 0.9 13 4 -- 19 
  0.4 13 4 -- -- -- -- 7.3 1 23 4 -- -- 
  0.86 -- 12 -- -- -- 21 8.2 1 22 4 -- 16 
  1.19 15 4 -- -- -- -- 8.9 1.1 22 4 -- -- 
  1.58 15 4 -- -- 26 6 6.1 1 -- 13 -- 16 
  1.78 -- -- 20 7 -- -- 6.6 1 28 4 -- -- 
  2.18 10 3 -- -- -- 16 9.4 0.9 20 4 -- 13 
  2.3 -- 10 -- -- 22 6 7.5 0.9 21 4 -- 15 
  2.7 -- 11 -- -- -- 18 9.4 1 22 4 -- 14 
  2.94 11 3 -- -- 23 6 7.1 0.9 16 4 -- 14 
  3.46 12 4 -- -- 20 6 6.6 0.9 21 4 -- 15 
  3.74 -- 11 -- -- -- 20 8.4 1 24 4 -- 15 
  4 -- 11 -- -- -- 19 7.2 0.9 21 4 -- 15 
  4.5 24 3 -- -- -- 18 10 0.9 -- 11 -- 14 
  5.03 13 4 -- -- 26 6 7.3 0.9 18 4 -- 14 
  5.44 15 4 -- -- 19 6 6.4 1 -- 12 -- 15 
  5.94 11 4 -- -- -- 19 8 0.9 20 4 -- 15 
  6.53 -- 11 -- -- -- 19 8.4 1 24 4 -- 15 
  6.86 -- 12 -- -- -- 21 7.6 1 22 4 18 6 
  7.26 -- 10 -- -- -- 18 8.1 0.9 18 4 -- 14 
  7.78 17 4 -- -- -- 20 8.1 1 -- 12 -- 16 
  8.42 -- 10 -- -- 20 6 10.3 0.9 20 4 -- 14 
  8.7 -- 11 -- -- 27 6 9.9 1 13 4 -- 15 
  9.34 -- 11 -- -- 28 7 8.2 1 32 4 -- 16 
  9.61 12 4 -- -- -- 18 9.7 1 -- 12 -- 15 
 10.01 -- 11 -- -- 26 7 7.7 1 28 4 -- 16 
 10.47 12 3 -- -- -- 17 16.3 1 12 4 -- 13 
 10.74 -- -- -- -- -- -- 8.1 1 25 4 -- -- 
 11.06 -- 10 -- -- -- 18 8.4 0.9 16 4 -- 14 
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 Core:  MV-49 Mining Mode 
Core 
Depth 
(m) 
Mg 
(cps) 
Mg 
+/- 
(cps) 
Al 
(cps) 
Al  
+/- 
(cps) 
Si 
(cps) 
Si  
+/- 
(cps) 
P (cps) 
P  
+/- 
(cps) 
S 
(cps) 
S  
+/- 
(cps) 
 0.01 0.84 0.27 0.191 0.0299 0.79 0.0157 0.0151 0.003 -- 0.0207 
 0.4 -- -- 0.173 0.0329 1.33 0.0203 0.0266 0.0034 -- -- 
 0.86 0.92 0.25 0.21 0.0294 1.04 0.0171 0.0225 0.0025 0.014 0.0015 
 1.19 -- -- 0.225 0.0333 1.56 0.0216 0.03 0.0028 -- -- 
 1.58 0.91 0.29 0.195 0.033 1.09 0.019 0.0192 0.0029 0.015 0.0018 
 1.78 -- -- 0.176 0.0317 1.57 0.0214 0.0312 0.0028 -- -- 
 2.18 -- 1.17 0.186 0.0271 0.86 0.0152 0.0155 0.0022 -- 0.022 
 2.3 -- 1.14 0.123 0.0266 0.781 0.0148 0.0141 0.0022 -- 0.0221 
 2.7 -- 1.16 0.161 0.028 0.912 0.016 0.0173 0.0023 -- 0.0223 
 2.94 -- 1.13 0.199 0.028 0.815 0.0151 0.015 0.0023 -- 0.022 
 3.46 -- 1.17 0.144 0.0281 0.9 0.0161 0.0113 0.0023 -- 0.0227 
 3.74 0.87 0.26 0.229 0.0299 0.983 0.0168 0.0156 0.0025 -- 0.0223 
 4 -- 0.79 0.195 0.0299 1.01 0.0172 0.0153 0.0024 -- 0.0225 
 4.5 -- 0.74 0.161 0.0269 0.826 0.015 0.016 0.0022 0.013 0.0015 
 5.03 0.83 0.24 0.132 0.0262 0.742 0.0144 0.0185 0.0023 -- 0.0219 
 5.44 -- 0.81 0.199 0.03 0.889 0.0164 0.0322 0.0027 -- 0.0219 
 5.94 0.78 0.25 0.147 0.0274 0.846 0.0154 0.0265 0.0025 0.012 0.0015 
 6.53 1.16 0.26 0.216 0.0285 0.879 0.0156 0.0204 0.0024 0.015 0.0015 
 6.86 0.79 0.26 0.158 0.0285 0.847 0.0157 0.0192 0.0025 -- 0.0222 
 7.26 -- 1.1 0.116 0.0265 0.82 0.015 0.0144 0.0023 0.01 0.0015 
 7.78 -- 0.75 0.135 0.028 1.04 0.0169 0.0234 0.0025 -- 0.0218 
 8.42 -- 1.09 0.149 0.0264 0.804 0.0147 0.017 0.0022 0.01 0.0014 
 8.7 -- 1.11 0.162 0.0292 1.02 0.0171 0.0224 0.0025 0.011 0.0016 
 9.34 0.85 0.25 0.145 0.0279 0.98 0.0165 0.0215 0.0024 -- 0.022 
 9.61 -- 1.11 0.149 0.0283 0.91 0.0161 0.0176 0.0024 -- 0.0217 
10.01 0.78 0.25 0.19 0.0294 1.11 0.0176 0.0265 0.0025 -- 0.0225 
10.47 -- 1.11 0.158 0.0272 0.751 0.0146 0.0139 0.0022 0.013 0.0015 
10.74 -- -- 0.286 0.0327 1.449 0.0205 0.0303 0.0027 -- -- 
11.06 0.78 0.25 0.187 0.0275 0.903 0.0157 0.0143 0.0022 0.012 0.0015 
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 Core:  MV-49 Mining Mode Continued 
Core 
Depth 
(m) 
Cl 
(cps) 
Cl 
+/- 
(cps) 
K 
(cps) 
K  
+/- 
(cps) 
Ca 
(cps) 
Ca  
+/- 
(cps) 
Ti 
(cps) 
Ti  
+/- 
(cps) 
V 
(cps) 
V  
+/- 
(cps) 
 0.01 8.72 0.08 0.621 0.0044 3.25 0.0075 0.114 0.0055 0.0133 0.0031 
 0.4 6.34 0.08 0.695 0.0045 2.99 0.0071 0.12 0.0057 0.0139 0.0031 
 0.86 8.67 0.08 0.709 0.0046 0.678 0.0036 0.141 0.0056 0.0095 0.0029 
 1.19 7.11 0.08 0.801 0.0049 0.402 0.0031 0.158 0.006 0.0204 0.0032 
 1.58 10.8 0.09 0.846 0.0057 1.02 0.005 0.156 0.0065 0.0142 0.0034 
 1.78 6.7 0.08 0.736 0.0046 0.611 0.0035 0.152 0.0058 0.0155 0.0031 
 2.18 8.26 0.07 0.551 0.0039 0.288 0.0025 0.12 0.005 0.0105 0.0027 
 2.3 8.83 0.08 0.586 0.0042 0.309 0.0026 0.126 0.0052 0.0148 0.0029 
 2.7 8.42 0.08 0.62 0.0042 0.382 0.0028 0.134 0.0053 -- 0.0258 
 2.94 9.01 0.08 0.604 0.0042 0.508 0.0032 0.132 0.0054 0.0111 0.0028 
 3.46 8.44 0.08 0.624 0.0043 0.538 0.0033 0.138 0.0055 0.0158 0.003 
 3.74 8.63 0.08 0.685 0.0045 0.85 0.004 0.138 0.0056 0.0114 0.0029 
 4 8.61 0.08 0.698 0.0046 0.49 0.0032 0.139 0.0056 -- 0.0268 
 4.5 8.98 0.08 0.578 0.0041 0.49 0.0031 0.122 0.0052 -- 0.0246 
 5.03 8.66 0.08 0.576 0.0041 0.38 0.0028 0.127 0.0052 0.0132 0.0028 
 5.44 10.1 0.08 0.672 0.0047 0.385 0.0031 0.149 0.0059 -- 0.0284 
 5.94 8.5 0.08 0.622 0.0043 0.664 0.0035 0.123 0.0052 0.011 0.0028 
 6.53 8.77 0.08 0.621 0.0042 0.647 0.0035 0.13 0.0054 0.0117 0.0028 
 6.86 8.65 0.08 0.672 0.0045 0.668 0.0036 0.14 0.0056 0.0157 0.003 
 7.26 9.04 0.08 0.603 0.0042 0.574 0.0033 0.13 0.0054 0.009 0.0027 
 7.78 8.74 0.08 0.703 0.0045 0.686 0.0037 0.152 0.0057 0.012 0.003 
 8.42 8.72 0.07 0.576 0.004 0.369 0.0027 0.132 0.0053 0.0085 0.0027 
 8.7 8.68 0.08 0.71 0.0047 0.414 0.0031 0.144 0.0056 0.0091 0.0029 
 9.34 8.43 0.08 0.669 0.0044 0.433 0.003 0.146 0.0056 0.0109 0.0029 
 9.61 9.78 0.08 0.659 0.0046 0.397 0.003 0.148 0.0058 0.0102 0.003 
10.01 8.19 0.08 0.716 0.0046 0.431 0.003 0.157 0.0058 0.0149 0.003 
10.47 9.62 0.08 0.576 0.0042 0.355 0.0028 0.12 0.0053 0.0109 0.0028 
10.74 7.02 0.08 0.691 0.0045 0.354 0.0028 0.147 0.0057 0.015 0.003 
11.06 9.26 0.08 0.582 0.0042 0.401 0.0029 0.123 0.0053 -- 0.0251 
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 Core:  MV-49 Mining Mode Continued 
Core 
Depth 
(m) 
Cr 
(cps) 
Cr  
+/- 
(cps) 
Mn 
(cps) 
Mn  
+/- 
(cps) 
Fe 
(cps) 
Fe  
+/- 
(cps) 
Co 
(cps) 
Co  
+/- 
(cps) 
Ni 
(cps) 
Ni  
+/- 
(cps) 
 0.01 -- 0.0166 0.03 0.002 2.17 0.01 0.024 0.0025 0.0018 0.0005 
 0.4 0.005 0.0016 0.036 0.0021 2.3 0.0103 0.022 0.0025 0.0034 0.0006 
 0.86 0.005 0.0015 0.031 0.0019 2.57 0.0103 0.027 0.0026 0.0022 0.0005 
 1.19 0.005 0.0016 0.034 0.002 2.8 0.011 0.029 0.0027 0.0025 0.0006 
 1.58 -- 0.0186 0.032 0.0022 2.74 0.0119 -- 0.0498 0.0028 0.0006 
 1.78 0.005 0.0015 0.032 0.0019 2.56 0.0103 0.023 0.0025 0.0022 0.0005 
 2.18 -- 0.0148 0.027 0.0017 2.04 0.0086 0.021 0.0021 -- 0.0074 
 2.3 -- 0.015 0.031 0.0018 2.16 0.0092 0.023 0.0023 -- 0.0077 
 2.7 -- 0.0159 0.033 0.0019 2.35 0.0095 0.022 0.0024 0.0015 0.0005 
 2.94 -- 0.0157 0.026 0.0017 2.31 0.0095 0.024 0.0024 -- 0.0082 
 3.46 -- 0.0165 0.029 0.0018 2.43 0.0098 0.025 0.0024 -- 0.0082 
 3.74 0.007 0.0016 0.031 0.0019 2.51 0.0103 0.025 0.0025 0.0019 0.0005 
 4 0.007 0.0015 0.027 0.0018 2.58 0.0103 0.023 0.0025 0.0024 0.0005 
 4.5 0.005 0.0014 0.024 0.0017 2.11 0.0091 0.019 0.0022 0.0014 0.0005 
 5.03 0.006 0.0015 0.029 0.0018 2.27 0.0093 0.025 0.0023 -- 0.008 
 5.44 -- 0.0167 0.030 0.002 2.67 0.0109 0.032 0.0027 -- 0.0087 
 5.94 -- 0.0162 0.024 0.0017 2.4 0.0098 0.027 0.0024 0.002 0.0005 
 6.53 -- 0.0158 0.026 0.0018 2.23 0.0095 0.027 0.0024 0.0016 0.0005 
 6.86 0.008 0.0016 0.032 0.0019 2.51 0.0102 0.025 0.0025 0.0018 0.0005 
 7.26 0.006 0.0015 0.026 0.0018 2.2 0.0093 0.023 0.0023 0.0016 0.0005 
 7.78 0.007 0.0015 0.027 0.0018 2.49 0.0101 0.024 0.0025 0.0019 0.0005 
 8.42 -- 0.0154 0.029 0.0018 2.24 0.0093 0.026 0.0023 -- 0.0078 
 8.7 -- 0.0167 0.031 0.0019 2.66 0.0105 0.029 0.0026 0.0026 0.0005 
 9.34 -- 0.0163 0.032 0.0019 2.55 0.0101 0.027 0.0025 0.0019 0.0005 
 9.61 -- 0.0151 0.03 0.0019 2.51 0.0103 0.028 0.0026 -- 0.0083 
10.01 0.007 0.0016 0.036 0.002 2.62 0.0103 0.028 0.0026 0.0026 0.0005 
10.47 -- 0.016 0.024 0.0017 2.26 0.0096 0.025 0.0024 -- 0.008 
10.74 0.005 0.0015 0.034 0.002 2.77 0.0106 0.027 0.0026 -- -- 
11.06 0.006 0.0015 0.025 0.0017 2.25 0.0095 0.027 0.0024 -- 0.0078 
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 Core:  MV-49 Mining Mode Continued 
Core 
Depth 
(m) 
Cu 
(cps) 
Cu  
+/- 
(cps) 
Zn 
(cps) 
Zn  
+/- 
(cps) 
Zr 
(cps) 
Zr  
+/- 
(cps) 
Ag 
(cps) 
Ag 
+/- 
(cps) 
Cd 
(cps) 
Cd  
+/- 
(cps) 
 0.01 0.0019 0.0003 0.003 0.0003 0.0076 0.0001 -- -- 0.0051 0.0005 
 0.4 0.0017 0.0003 0.005 0.0003 0.0078 0.0002 -- -- 0.0131 0.0006 
 0.86 0.0021 0.0003 0.004 0.0003 0.0072 0.0001 -- -- 0.0097 0.0005 
 1.19 0.0027 0.0003 0.005 0.0003 0.0077 0.0001 0.012 0.001 0.0149 0.0006 
 1.58 0.0018 0.0003 0.004 0.0003 0.0055 0.0001 -- -- -- 0.089 
 1.78 0.0017 0.0003 0.005 0.0003 0.0074 0.0001 -- -- 0.0127 0.0005 
 2.18 0.0031 0.0003 0.003 0.0002 0.0044 0.0001 -- -- -- 0.075 
 2.3 0.0026 0.0003 0.003 0.0002 0.0061 0.0001 -- -- -- 0.0783 
 2.7 0.0026 0.0003 0.003 0.0002 0.0065 0.0001 -- -- 0.0043 0.0005 
 2.94 0.0034 0.0003 0.003 0.0002 0.006 0.0001 -- -- 0.004 0.0005 
 3.46 0.0026 0.0003 0.003 0.0002 0.0068 0.0001 -- -- 0.007 0.0005 
 3.74 0.002 0.0003 0.004 0.0003 0.0066 0.0001 -- -- 0.0081 0.0005 
 4 0.0029 0.0003 0.004 0.0003 0.007 0.0001 -- -- 0.0042 0.0005 
 4.5 0.0031 0.0003 0.003 0.0002 0.0053 0.0001 -- -- -- 0.0785 
 5.03 0.0019 0.0002 0.003 0.0002 0.0061 0.0001 -- -- 0.0063 0.0005 
 5.44 0.0025 0.0003 0.003 0.0003 0.0059 0.0001 -- -- -- 0.0815 
 5.94 0.0022 0.0003 0.003 0.0002 0.0066 0.0001 -- -- 0.0069 0.0005 
 6.53 0.0024 0.0003 0.003 0.0003 0.0065 0.0001 -- -- 0.0085 0.0005 
 6.86 0.002 0.0003 0.003 0.0003 0.0072 0.0001 -- -- 0.01 0.0005 
 7.26 0.0026 0.0003 0.003 0.0002 0.0057 0.0001 -- -- 0.0036 0.0005 
 7.78 0.0022 0.0003 0.003 0.0003 0.0066 0.0001 -- -- 0.0064 0.0005 
 8.42 0.0036 0.0003 0.003 0.0002 0.0057 0.0001 -- -- 0.0043 0.0005 
 8.7 0.0033 0.0003 0.004 0.0003 0.0061 0.0001 -- -- -- 0.0812 
 9.34 0.002 0.0003 0.004 0.0003 0.007 0.0001 -- -- 0.0099 0.0005 
 9.61 0.0026 0.0003 0.004 0.0003 0.0057 0.0001 -- -- -- 0.0803 
10.01 0.002 0.0003 0.004 0.0003 0.0072 0.0001 -- -- 0.0105 0.0005 
10.47 0.0059 0.0003 0.003 0.0003 0.0043 0.0001 -- -- -- 0.079 
10.74 0.0021 0.0003 0.005 0.0003 0.0076 0.0001 -- -- 0.013 0.0006 
11.06 0.0028 0.0003 0.003 0.0002 0.0057 0.0001 -- -- 0.0037 0.0005 
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 Core:  MV-49 Mining Mode Continued 
Core 
Depth 
(m) 
Sn 
(cps) 
Sn  
+/- 
(cps) 
Sb 
(cps) 
Sb  
+/- 
(cps) 
Pb 
(cps) 
Pb  
+/- 
(cps) 
Bi 
(cps) 
Bi  
+/- 
(cps) 
LE 
(cps) 
LE 
+/- 
(cps) 
 0.01 -- 0.116 -- 0.142 -- 0.0004 -- 0.0157 83.2 0.4 
 0.4 0.012 0.0007 0.0163 0.0009 -- -- -- -- 85.9 0.42 
 0.86 0.0099 0.0007 0.0119 0.0008 -- 0.0004 -- 0.0145 84.9 0.4 
 1.19 0.0184 0.0007 0.0236 0.0009 -- -- 0.0011 0.0001 86.2 0.42 
 1.58 -- 0.117 -- 0.142 -- 0.0004 -- 0.0157 82.2 0.44 
 1.78 0.0117 0.0007 0.0161 0.0009 -- -- -- -- 87.3 0.41 
 2.18 -- 0.1 -- 0.121 -- 0.0003 -- 0.0132 87.6 0.38 
 2.3 -- 0.107 -- 0.129 -- 0.0004 -- 0.014 87 0.39 
 2.7 -- 0.107 -- 0.13 -- 0.0004 0.001 0.0001 86.9 0.39 
 2.94 -- 0.108 -- 0.13 -- 0.0004 -- 0.0142 86.3 0.39 
 3.46 0.0063 0.0006 0.0062 0.0008 -- 0.0004 -- 0.0144 86.7 0.4 
 3.74 0.008 0.0007 0.0074 0.0008 -- 0.0004 -- 0.0145 85 0.4 
 4 -- 0.108 -- 0.132 -- 0.0004 -- 0.0144 85.5 0.4 
 4.5 -- 0.106 -- 0.13 -- 0.0004 -- 0.0138 85.9 0.38 
 5.03 0.0055 0.0006 0.0066 0.0008 -- 0.0004 -- 0.014 86.2 0.39 
 5.44 -- 0.11 -- 0.133 -- 0.0004 -- 0.0153 84.2 0.41 
 5.94 0.007 0.0006 0.0063 0.0008 -- 0.0004 -- 0.0144 85.8 0.39 
 6.53 0.0079 0.0006 0.01 0.0008 -- 0.0004 -- 0.0138 85.2 0.39 
 6.86 0.0084 0.0007 0.0101 0.0008 -- 0.0004 0.001 0.0001 85.4 0.4 
 7.26 0.0044 0.0006 -- 0.133 -- 0.0004 -- 0.0143 86.4 0.39 
 7.78 -- 0.11 -- 0.134 -- 0.0004 -- 0.0142 85.3 0.4 
 8.42 0.0042 0.0006 -- 0.13 -- 0.0004 -- 0.0139 86.9 0.39 
 8.7 -- 0.108 -- 0.132 -- 0.0004 -- 0.0149 86.1 0.41 
 9.34 0.0097 0.0007 0.0115 0.0008 -- 0.0004 -- 0.0141 85.7 0.4 
 9.61 -- 0.108 -- 0.128 -- 0.0004 -- 0.0146 85.4 0.41 
10.01 0.0106 0.0007 0.0128 0.0008 -- 0.0122 0.0011 0.0001 85.7 0.4 
10.47 -- 0.107 -- 0.127 0.0015 0.0001 -- 0.0137 86.1 0.4 
10.74 0.0131 0.0007 0.0173 0.0009 -- -- -- -- 86.4 0.41 
11.06 -- 0.108 -- 0.131 -- 0.0004 -- 0.0145 85.4 0.39 
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